This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 

As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



35 



(31) 



PCT WORLD ^^^S^ 0 ?^ 0MAW ^T10N 



31/70, 33/16 



A2 



<14) Ira _ 
(43) bttrnuioMl Ptbtksdoo D«u 



(21) InttnutfcmaJ AppUcatfai N« 
(23) iDCt/MtWJ Ffllog Dite: 



PCT/CA97/O09I0 
1997 (011197) 



(30) Priority Dtta: 
600312 15 
60AW3.0S7 



2 December 1996(011 2.96) US 
24 Center 1997(24.10.97) US 



(71) AppUeaai (/b, ail ditignaud Statu acapt US* ANGIOTECH 
PHARMACEUTTCAU. INC (CA/CA); 6^ N. W — 
Dm*. Vtneoivtf. British Cotgmbtt VfiT 124 (CA|. 

(72) Invtatar, and 

(75) lOTtotar/Applkmol (/or (/J HUNTER. WOHj 

[CA/CAJ; 325 Pena 
bit V5K 3L7 (CA)i 

(74) 



NASSV. Omtr. A. a ti_ Gowlm* Sattby A 
Hendenoo. Suit 4900, Commote Cam W«, Tamp. 
Oncario Ma 1J3 (CAL 



(«) 



WO 9*24427 

I WW 1991 (11.06.91) 



CH. DE. OK. S3, PL PR. GB. OR I^tT im Sr 
PT. SE). OAPI pm ( BP bj or of a e« it 
ML, MR. NE SN^t>; TO) °* ' CH ° A ' • 



"pom rtctipt of ihtm 



weh rtpon and to bt 



<J4)T1dr. COMPOSmONS AND METHODS FOR TREATING OR PREVENTING INPLAMMATORY DISEASES 



(37) 



Thto 
for »acin( or | 
cue* such u ptorasit or muidpit tcfcrot*. 
compmini ih« tap of dtUvwintj » tt» urn 

tulogut or derivtcvt t' ' ^ ' 5 



n MA 



J 




(C) 1999 Copyright DeCMvcnt Information Ltd. 



F0 * mmnstsor mroMurtoN only 




(C) 1999 Copyright Oerwent Infonniucn Ltd 



WO 9104(27 

rCT/CA*W0OilO 



COMPOSITIONS AND METHODS FOR TREATING OR 
PREVENTING INFLAMMATORY DISEASES 



TECHNICAL FIELD 

The present invention relates generally to compositions and methods for 
treating or preventing inflammatory disea ses. 

BACKGROUND OF THE INVENTION 

Inflammatory diseases, whether of a chronic or acute nature, represent a 
substantial problem in the healthcare industry. Briefly, chronic inflammation is 
considered to be inflammation of a prolonged duration (weeks or months) in which 
active inflammation, tissue destruction and attempts at healing are proceeding 
simultaneously {Robbins Pathological Basis of Disease by R. S. Cotran, V. Kumar, and 
S. L. Robbins, W. B. Saunders Co., p. 75. 1989). Although chronic iriflammation can 
follow an acute inflammatory episode, it can also begin as an insidious process that 
progresses with time, for example, as a result of a persistent infection (e.g., tuberculosis, 
syphilis, fungal infection) which causes a delayed hypersensitivity reaction, prolonged 
exposure to endogenous (*.*, elevated plasma lipids) or exogenous (e.g., silica, 
asbestos, cigarette tar, surgical sutures) toxins, or, autoimmune reactions against the 
body's own tissues (e.g., rheumatoid arthritis, systemic lupus erythematosus, multiple 
sderosis, psoriasis). Ommic inflammatory diseases therefore, include many common 
medscal conditions such as rheumatoid arthritis, restenosis, psoriasis, multiple sclerosis, 
surgical a dhes i on s, tuberculosis, and chronic inflammatory lung diseases (e.g., asthma, 
pneumoconiosis, chronic obstructive pulmonary disease, nasal polyps and pulmonary 
fibrosis). 
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unresponsive progressive disease, minimai long-term beneficial effects have been 
demonstrated to due. 

Other therapetmcs which have been recently approved include 
mierferon-e for use in ambulatory patients with relapsing^emittmg MS (Paty et al 
^ 43:662 ^ 1993 * Beuseron (recombuunt interferon MP; 

human interferon beta substituted at position 17, Cys* Ser, Beriex/Chiron) or Avon« 
(recombinant interferon Ma; glycosylated human interferon beta produced in 
nuunmaiian cells; Biogen). Uruortun«ery, while Beuseron provides for an enhanced 
quality of life for MS patients, disease progression does not appear to be significantly 
improved. Advene experiences associated with Betaseron therapy include: injection 
site reactions tUOmmmkm. pain, hypersensitivity and necrosis), and a flu-like 
symptom complex (fever, chills, anxiety and confusion). 

RwetmiATomABT^rm 

Rheumatoid arthritis (RA) is a debilitating, chronic inflammatory disease 
affecting 1 to 2H of the world's populatioiL This condition causes pain, swelling and 
destruction of multiple joints in the body ajid can also result m a 
such as the lungs and kidneys. People with advanced disease have a r^ortality nrte 
greater than some forms of cancer and because of this, treatment regimes have shifted 
towards aggressive early drug therapy designed to reduce the probability of irreversible 
20 joint damage. Recent reco rn r n r n dat i ons of the American College of lUuamatology 
{Arthritis and JUmtmartm iP(5):713-722, 1996) include early initiation of disease- 
modifying anti-rteuniatic drag (DMARD) therapy for any patient with an established 
(tia g nnaii and ongoing symptoms. Anti canc er drugs have become the first line therapy 
for the vast majority of patients, with the chemotherapeutic drug, methotrexate, being 
25 the drug of choice for 60 to 70H of rheumatologists. The severity of the disease often 
wazrants indefinite weekly treatment with this tag and, in those patients whose disease 
progresses despite methotrexate therapy (over 50% of pabcms\ second line 
chemotherapeutic drugs such as cyclosporin and azathioprine (alone or in combination) 
are frequently employed. 
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Itetenori, a . fomi of ^ VMCuUf ^ . 
thtckentng and loss of bl00d flow to the tissue supp.ied * ^ blood ^ ^ 
^^^^^.^^ ^ 
«*ch .nempt, to relieve v«e, obsnueuone. * ^ ^ 
effec^oftov^w^fo,^,^ Re«« ol u hlibeeainuj0r 
cnaUeng, to cdiov™* for the pu, , 5 yeB , Accorfingtol994estiraiies 

(U.S He* and Stroke Found«ion), over 60 million ^ hxve on. or more fomj 

of cardiovascular disease. These diime* ciai«.»4 ■ 

«w. tnese diseases claimed approximately 1 million lives in the 

*»e y«(41%ofallde«h, in the United St^) and « conaidered tne leafing eauae 
of death and disability in the developed world. 

Currently, no existing, technically approved, tre«ments for & 
Invention of re*e»osis have been effective in hununa Systemic thenpie, which have 
been mvewg** include .gent, direct* a, »«ment of endothelial loss, snu-pbtetet 
agent. (*.». upirinX vuodilator, (,.,.. calcium channel blockers), antithrombotic 
(«.* . heparin), ann-itinanunatory agents («.*., steroids), agents which prevent vascular 
smooth muscle cell (VSMQ proliferation (e.g.. colchicine) and promoters of re- 
eodothelialization (e.g., vucular endothelial growih factor). Local treatments which 
have been investigated include local drug delivery (e.g. heparin) and beta and gamma 
radiation. All have been disappointing in human use, primarily because they appear to 
act on a limited portion of the restenotic procen. Systemic treatments have also 
encountered the additional problem of achieving adequate absorption and retention of 
me drag at the site of the disease to provide a lasting WotegicaJ ef^ without causing 
unfavorable systemic complications sad toxicities. 



23 iNFLAMMATrmY Bawm nw... 

Inflammatory bowel disease (BD) refers to chronic disorders (primarily 
Crohn's disease and ulcerative colitis) that cum inflanmurioa or ulceration u the small 
and large intestines. Briefly, approximately 2 millioa people in the United States suffer 
from IBD with males and females affected equally. The peak incidence primarily 
occurs between the sges of 13 and 30 wtthssecond peak often reported between 55 and 
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60yW, ° flge - ^though there are many documented panem, of prrvlcnce it is a 
disease of unknown cause. 

by penoda of unactable relapse or flare of v^g ^ About 50%of ^ 
are m remission at aoy a^l the mxjonty ^cr relsp3e inilQ 

yearperiod to«Witk».U«„ nMay ^ ec ^ u ^ TO ^^ wthjj 
dne» with the most common tmn, arthritis, symptoms of anurias occur in one 
fonra, of.il p«p,. with IBD. Joi« infl^on occum mo,, oft« when M Mim * 
mvolv*di a ^<li*«p r oc e »^fl TOwheatte ^ < ^ u ^ icjiw ^ 
fonn of inflmnmaiory aithritis doe, not cm. peraanent defotinity and i, often shon 
lived. Other complication, of this disease indodo eye bfUmmttiot. fuitu. 
conjunctive, and epoetins), mouth infUmnurion (mucositis), ikin infUmmtfon 
(erythema nodosum sod pyodenna gsngienosum), musculoskeletal shoormslities 
(ankylosing spondylitis), renal complications (kidney stones sod fistulas to urinary 
ooeex gallstones and other diseues of the liver <*,., hepauti.) and biliary sysom 
(sclerosing cholangitis). Unfortunately, in many cases, long-tenn disease (>10 yean) 
can lead to more seven complications such as colonic cancer and extraintestinal 
carcinomas. 

At present, there is no cure for IBD. Many of the current therapeutic 
agents focus on controlling the disease symptoms by suppressing the inflammation 
with me disease The principle drugs used to neat IBD era aminosalicylates 
sad for those individuals that do not respond well to these a gen ts, 
mmosuppressive medications can also be used Although drag 
is effective for 70 to JOH of patients, surgery it often required for individuals 
disease. Chronic symptoms sad complications associated with 
as intestinal blockage, perforation, abscess, or bleeding can be 
relieved and corrected with invasive surgery. Although surgery doe* not cure the 

te is high, it docs relieve active symptoms. 
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Surgicd edheaon fonnanoo, . complex proce„ m ^ ^ 

iz Q Z! y s r: ^ ^ 11 "~ ^ — — f 

TT*se pon-opennve occur in 60 to 90S of paaenu 

undogoing ma jor gyoaecologic surgery and represent one of the mow common causes 
of uueson* obstruction in the induwrialized world. Ttee «»««m. « . ^ ^ 
of failed surgical therapy and are the leading cause of bowel obstruction end infertility. 
Other r A *** — 1 — J ■• 
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I compaction, include chronic pelvic pain, urethral obstruction 
and voiding dysfunction. Currently, prevenrative therapies, adininistered 4 to 5 days 
foUowing surgery, ere used to inhibit adhesion foimation. Vtrious mode, of adhesion 
prevention hive been exanuned, including (1) prevention of fibrin deposition, 
(2) reduction of local tissue iniUrnrnstion and (3) removal of fibrm deposits, Rbrm 
deposidonU prevented^ 

conrprised of viscous solutions. Although many mvestigators ire utilizing adhesion 
prevention barriers, a number of technical difficulties exist, Iiulainiiuuioii is reduced by 
the lustration of drugs such as corticosteroid, and nonsteroidal arm- 
inflanimaxorica. However, the resuhs from the use of these drug, m .nimal modeU 



have not been encouraging due to the extent of the uuTanunatory response and dose 
restriction due to systemic side effects. Finally, the removal of fibrin deposits has been 
investigated using proteolytic and fibrinolytic enzymes. A potential complication to the 
clinical use of these enzymes is the possibility for excessive bleeding. 



iMLM*MAm*Y Lump p»«^«i 

Osmose infl a mmato ry lung diseases, including for example, asthma, ' 
pamnacariom, chronic obstructive pulmonary disease, natal polyp, and pulmonary 
fibrosis, affect many people worldwide. Typically such disease, are characterized by an 
invasive infiarnmatory process, and thickening of the affected tissue.. 

For example, nasal polyps are characterized by thickened tissue of the 
nasal lining. Polyps may occur in respiratory diseases such as asthma, cystic fibrosis, 
primary ciliary dyskinesia and immune deficiencies. Masai polyp, are thought to 
30 develop as a tnanifestatioo of chroni inflammatory processes involving the upper 
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airwtyi. They ire found in 36% of patients with ««™ 

u« poacnu witn asptnn intolerance. 7V. of ..^.l 

™* ^ 4,6 ■ ~- * — • — -2 " 

cUu dysioneoc ^ ^ Youfljf , ^ Abom ^ Qf ^ ^ 

iywp,WM of «-» poiyp«» « »»i objtruction _ 
b^hl ^ ^ - — ' — « * — C - 

a*w large polyp, co*^^ po lypeetomy M Wp ^ J^JJ 

°" ^ ^ ° f » — Penological p^e, of ^ 

no«bym^gth.^ Ml « 1 ^ polwu ^ bte ^ te ^ wdn| ^ eof 

infectri ««». However, recurrent nud polyposis is on, of the most common 
uneolved problem, of clinic rfuno.ogy. Complement*, ^ " 
polyposie is ahvey, neeeuary, as surgery cannot treat the inflammttoiy component of 
AenreeoreldW TopM cerico«reold. am «ha «* ^ ^ ^ 
redueethasiz. of polyp, ,0 pre™ mmm ^ ^ ^ steroid, reduce 
rhuririe, irepreve r^l brerfting. reduce the size of the" polyp, and decreue recurrence 
we but drey hm negltfbJ. .fleet on the sen* of smell tod on any ^ p,^^ 
The u*e of steroid, in polyp* however, i, excreted with im^cdou, complication, 
th« require antibiotic,. Othred nw fb,thea«re g ^of n^poly^n^m. 
receptor an tagonist, <**; azeUstme HCL) and snti-diuretic, (eg., fWaide). There 

UJ m not ntaqr, effective end recurrence re* ere roll very high. Current 

medical treatment of nesaj polyposis utilizes corticosteroid, to lUeviue the symptoms 
of the disease but ha, no action against the underlying pathology of the disease. In 
addition, recurrence of the disease or resistance to stemid Aerapy l>u been observed in 
patients with nasal polype. 

Graft rejection is a complex process whereby the grafted tune is 
30 recognized ts foreign by the host's immune system. On the basis of morphology and 
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the underlying mechanism, rejection reactions fit into three categories: hyperacute, 
acute and chrome. ***«t^^±^ ( J^ 
bemg managed by immunosuppressive fcerapy, chronic rejection ha, become an 
i r CMiftgiy iraPOrUat — ° f ^timate failure. Currently 

transplant recipients after the first year. 

The present invention provides compositions and methods suitable for 
treating or preventing inflammatory diseases. Tbese compositions and methods address' 
the problems associated with the existing procedures, offer significant advantage, when 
compared to existing procedures, and fimher provide other, related advantages. 

SUMMARY OF THE INVENTION 

Briefly stated, the present invention provides methods for treating or 
preventing mflainir^ of inflammation an 

anti^nicrotubule agent Representative examples of such agents include taxanes (#.*, 
ptclitaxel and docetnxel), campothecin, eleutherobin, satcodictyins, epothitenes A and 
B, mscodenmtfoe, deuterium oxide (0,0). hexylene glycol (2.niem > 1.2.4-pentanediol) ( 
tubercidin (TsfcazaadenosineX LY290181 P-«niiio^3^^ 
b)pyfi^3s»daiftrik) f aluminum fluoride, ethylene glycol buHsucciniimd^ 
glycine ethyl ester, monoclonal anti-ioiotypic antibodies, microtubule assembly 
pronK«m«pfocm(t«|.lto 

moamol/l) conditions, insulin (100 nmoVL) or giutamine (10 mmol/L), dynein binding, 
aibbamHn, XCHOl (kisesuvlike proteinX lysophosphatidic add, lithium ion, plant cell 
wall components poly-L-lytma and extensin), glycerol buffers, Triton X-100 
inkmsbalt stabtliang buffer, microtubule associated proteins (<.*. MAP2, MAP4, 
tail, big tan, ensconsm, elongation mctor-l-alpna (EF-la) and E-MAP-115), cellular 
entities {e.g., histooe HI, myelin bask protein and kinetochoresX endogenous 
fflicronibular structures (e.g., axonemal structures, plugs and OTP caps), stable tubule 
only polypeptide (*.*, STOP 145 and STOP220) and tension from mitotic forces, as 
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well as my analogue, and derivative, of any of the above. Within other eumodiments, 
the ann-nucrotubule agent ia formulated to further comprise a polymer. 

Representative examples of inflanimatory diseases which may be treated 
include multiple sclerosis, psoriasis, arthritis, stenosis, graft rejection, surgical 
adhesions, inflammatory bowel disease and inflammatory lung disease. 

Within certain embodiments of the invention, the anu-microtubule 
agents may be formulated along with other compounds or compositions, such as, for 
example, an ointment, cream, lotion, gel. spray or the like. Within certain 
embodiments, the compound or composition may function as a carrier, which may be 
cither polymeric, or non-polymeric. Representative examples of polymeric carriers 
include poly(emyleiie-vinyl acetate), copolymers of lactic acid and glycolic acid, poly 
(caprolactone). poly (lactic acid), copolymers of poly (lactic acid) and poly 
(caprelactooe), gelatin, hyaluronic acid, collagen matrices, and albumen. 
Representative examples of other suitable carriers include, but art not limited to 
cthanol; mixtures of ethanol and glycols (*.*. ethylene glycol or propylene glycol); 
mixtures of ethanol and isopropyi myristate or ethanol, isopropyl myristate and water 
(*.*. 55:5:40); nurtures of ethanol and eineol or D-limonene (with or without water); 
glycols (**, ethylene glycol or propylene glycol) and mixtures of glycols such as' 
propylene glycol and water, phosphatidyl glycerol dioleoylpnosphandyl glycerol, 
Tnmscutoi* or terpinolene; mixtures of isopropyl myristate and l-hexyW-pyrroUdone, 
N4ocfccyl.2-piper*iuionc or l-hexyi.2-pyrrolidone. 

Wttma yet other aspects; the aml-microtubule agent may be formulated 
, adapted to release by a surgical or medical device or implant, 
stents, sutures, indwelling catheters, prosthesis, and the like. 
These sad other aspects of the present invention will become evident 
to the following detailed description and attached drawings. In addition, 
various references are set forth below which describe in more detail certain procedures, 
devices or compositions, and are therefore incorporated by reference in their entirety. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1A is a graph which shows the chemUuniinescence response of 
neutrophils (5x10* cells/ml) to plasma opsonized CPPD crystals (50 mg/ml). Effect of 
paclitaxel (also referred to as W) at (o) no paclitaxel. (.) 4.5 uM. (4) 14 uM, (A) 
5 28 uM,(D)4*uM;n-3. Figure IB is a graph which shows the time course 
concentration dependence of paclitaxel inhibition of plasma opsonized CPPD crystal- 
induced neutrophil chemilunoinescence. Figure 1C is a graph which shows the effect of 
aluminum fluoride on opsonized zymozan-induced neutrophil activation as measured by 
chemiluininescence. Figure ID is a graph which shows the effect of glycine ethyl ester 
10 on opsonized zymosan induced neutrophil activation as measured, by 
chemtluminescence. Figure IE is a graph which shows the effect of LY29018I on 
opsonized zymozan induced neutrophil chemUuminescence. 

Figure 2 is a graph which shows tysozyme release (torn neutrophils 
(5xl0°)ml) in response to plasma opsonized CPPD crystals (50 mg/ml). Effect of 
paclitaxel at (o) no paclitaxel, (•) 28 uH (A) Control (cells alone), (A) Control (cells 
and paclitaxel at 28 uM); n » 3. 

Figure 3A is a graph which shows superoxide anion production by 
neutrophils (5x10* cells/ml) in response to plasma opsonized CPPD crystals (50 
mg/ml). Effect of paclitaxel at (o) no paclitaxel, (•) 28 uM, (A) Control (cells alone); 
n-3. Figure 3B is a graph which shows the time course cotwentrarion dependence of 
paditaxel inhibition of plasma opsonized CPPD crystal-induced neutrophil superoxide 
piodiictioo;n-3. Fifuw 3C is a graph which depicts the eflfectof LY290181 on 
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Figure 4A U a graph which shows the chemUummescence response of 
25 neutrophils (5x10* cells/ml) in response to plasma opsonized zymosan (1 mg/ml). 
Efle«*ofnfjclftml*M Figure 4B is a graph which 

shows plasma o p s oni ze d zymosan-induced neutrophil superoxide anion production. 
Effect of paclitaxel at (o) no paclitaxel, (•) 28 uM, (A) Control (cells alone); n-3. 

Figure 5A is a graph which shows myeloperoxidase release from 
30 neutrophils (5x10* cells/ml) in response to plasma opsonized CPPD crystals (SO 
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mg/ml). Effect of p«li««el at (., no paclitaxel, (.) 28 uK (A) Conn,! («dh atone) 
(A) Con*ol (ceil, with paclitaxel at 2S uM); n • 3. Figure 5B is ■ graph which shows 
the concentration dependence of paclitaxel inhibition of myeloperoxidase release fc, 0 
• neutrophils in response to plasm, opsonized CPPD crys*ls; n - 3. F igwej 5C .no 5D 
5 ere graphs wiuch ,how the, LY290.8. decree both lysozyme ^ mveoloperoxidue 
release in CPPD crystal-induced neutrophils. 

Figure 6 is a graph which depicts proliferation of synoviocytes at various 
concentrations of paclitaxel. 

Figure 7 is a graph which. depicts the effect, of paclitaxel 00 
10 keratinocytes in vitro. 

Figure. 8A and SB show the effect of paclitaxel on astrocyte 
morphology. Electron microscopic inuga reveled thick, weU^aiad fij^entous 
processes in astrocytes of transgenic control animals, whereas transgenic 
Woted with paclitaxel had morphologically altered astrocytes. Paclitaxel induced 
astrocyte cell rounding, thinned cellular processes and reduced cytnpUemic filaments 
relative to untreated animals 

Figure 9 is a graph which depicts the viability of EOMA cells treated 
with paclitaxei cooceritritiofis of greater than MX 4 lvt 

Figure 10 is a bar graph which depicts the percentage of apoptotic 
EOMA ceils in culture treated with matasing concentrations of paclitaxel. 

Figures UA-UE an graphs which depict the effect of various azm- 
microtubule ageno on fynoviocytes after a penod of 24 hours. 

12A-I2H art blots which show the effect of various anrj- 
in inhibiting coUagenase expression. 
Figures 13A-13H art blots which show the effect of various anti- 
microtubule agents on proteoglycan expression. 

Figures MA and MB. are two photographs of a CAM having a tumor 
treated with control (unloaded) thermoptste. Briefly, in Figure MA the central white 
mass is the tumor tissue. Note the afeodenee of blood vessels entering the tumor ten 
30 the CAM in ail directions. The tumor induces the ingrowth of die host vasculature 
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through the production of -angiogenic factors." Tne tumor ti«u« expands distaliy along 
the blood vessel, which supply it Figure 14B i, an underside view of the CAM shown 
in ISA. Briefly, this view demonstrate, the radial a,>pe*ance of the blood vessels 
which enter the tumor like the spokes of a wheel. Note that the blood vessel density is 
greater in the vicinity of the tumor than it is in the surrounding normal CAM tissue. 
Figure. 14C and 14D are two photographs of a CAM having a tumor treated with 20% 
peclitaxeMoeded thermopaste. Briefly, in Figure 14C the central white mass is the 
tumor tissue. Note the paucity of blood vessels in the vicinity of the tumor tissue. Tie 
sustained release of the anti-microtubule agent is capable of overcoining the angiogenic 
stimulus produced by the tumor. The tumor itself is poorly vascularized and is 
progressively decreasing in size. Figure 14D is taken from the underside of the CAM 
shown in 14C, and demonstrates the disruption of blood flow into the tumor when 
cornpared to control tumor tissue. Note that the blood vessel aenstty is reduced in the 
vicinity of the aim* 

Figure 15A is a photograph which shows a shell-teas egg culture on day 
6. Figure 15B is a digitized conrputersu'splayed image taken with a sterecmicroscope 
of living, unstained capillaries (1040x). Figure 15C is a photograph of a corrosion 
casting which shows chorioallenteic membrane (C^ rnicrevasculature that are fed by 
larger, underlying vessels (arrows; 1300x). Figure I5D is a photograph which depicts a 
0.5 mm thick plastic section cut transversely through the CAM, and recorded at the 
light rmcroscope ieveL Tins photograph shows the coinrjoeitiooof theCA^ 
an outer double-layered ectoderm (EcX a mesoderm (M) containing capillaries (arrows) 
and scattered adventitial ceils, and a single layered endoderm (En) (400x). Figure 15E 
is a photograph at the election microscope level (3500x) wherein typical capillary 
25 smut is presented showing thin-wailed endothelial ceils (arrowheads) and an 



Figures I6A, 16& 16C and 16D are a series of digitised images of four 
different unstained CAMs taken after a 41 hour exposure to 10 ug paciitaxel per 10 ml 
of methy IceUulose. The transparent metfaylceUulose disk (•) cosataming padiiaxd is 
30 present on each CAM and is positioned over a singular avascular zone (A) with 
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funding blood UUnd, <!.)• lb. ^ exteBd ^ 

from the periphery of the avuculir zone. 
5 Figure I7A is . photogreph (- 400x) which ihow, ,h« the «pulari« 

(anowhe*,) ^^ypenphenl «o the .venule, mm exhibit aumerou, cndo«he. W 
ceUs «n«ted fa mitosix. Ecoderm (Ec); Mesoderm (M); Eadodenn (En). Figure 17B 

been ehnawttd end there ere numerou, exnv««ed blood ceiU (wowtaad,). Figure ' 
10 1 7C C ^> ^w, ti* m ^ centre! ^ of the av^uler zone, red blood ceiU ere 
dispersed throughout the mesoderm. 

Figure 1 8A (- UOOx) show. « small capillary lying subjacent to the 
ectodermal layer (Ec) possessing three endothelial cell, arrested in mitosis (•). Several 
ote cell types in both the ectc^ ^ 

l8B ( " W00x) *• «ly avtacular phase contain, extravasated blood cells 
subjacent to the ectoderm; these Wood cells are intermixed with presumptive 
^^^(•^meirpioc^ Degraded cellular 
Figure I8C (- 2,800*) shows that in response to paciitaxd, the ectOMnesoderrnal 
internee has become populated with cells in various stages of degradation containing 
dense vacuoles and granules (arrowhead.). 

Figure 19A schanaticaUy depicts the transcriptional regulation of matrix 
Figure 19B is a blot which demonstrates that g^l stimulates *>P 1 
actrWcy. Figure 19C is a graph which show, that IL-1 indiiced bmdmg 
actrvtiy decreased mryt^ 

25 Figure 20 ia a blot which shows that 11^ 1 iiidtiction increase. « 

andstioinelymmW^ 
by pitucaun cnt with peclitaxd 

Figure 21 is a bar graph which depicts the effects of paciitaxel on 
viability of normal chondrocytes in vitro. 
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Figure 22 is . graph which pica the observed ^ ^ 
^d*on of paciitaxel (20 „g nu- i„ 10 ./. HP0CD and ,0% HPyCD solution, a, 
37"C and pH of 3.7 and 4.9. respectively. 

Figure 23 is a gr^h which ahow, the ph*. .o.ubi.iry for cyclodexthns 
5 and paciitaxel in water ai 3TC. 

Fig™ 24 i, . graph which show, second order plot, of the completion 
of paciitaxel and tCD. HPfJCD or HPyCD a 3TC. 

Figure 25 it a table which show, the melting tempemure, enthalpy 
molecular weight, polydispersity and intrinsic viscosity of a PDLLA-PEO.PDLU 
10 composition. 

Figure 26 is a graph which depicts DSC thermogram, of PDLLa-PEQ- 
PDUA a*d PEG. The hewing rate wu KWmin. See Fig™ 30 for melting 
temperatures and enthalpies. 

Figure 27 is t gnph which depicts the cumulative release of paciitaxel 
from 20% paciitaxel loaded PDLLA-PEG-PDLLA cylinders into PBS albumin buffer at 
3rc. The error bars represent the standard devistjon of 4 simples. Cylinders of 40% 
PEG were discontinued at 4 days due to disintegration. 

Figures 28A, 28B and 2SC are graphs which depict the change in 
dimensions, length (AX diameter (B) and wet weight (Q of 20% paciitaxel loaded 
PDLLA-PEG-PDLLA cylinders during them vitro release of paciitaxel at 3?C 

Rgura 29 ii a table which ihows the a^ 
change of PDLLA-PEG-PDLLA cylinders (loaded with 20% paciitaxel) during the 
release into PBS albumin buffer at 37*C. 

Figuw 30 is a graph which shows gel penneanon chromatograms of 
PDLLA-PEG-PDLLA cylinders (20% PEO, 1mm diameter) loaded with 20% 
pacifeaxel during the release in PBS aJbunim buffer at 37*C. 

Figures 3 1 A, MB, 31C and 31D are SEMs of dried PDLLA-PEG- 
PDLLA cylinders (loaded with 20% paciitaxel, I mm in diameter) before and during 
pachtaxd release. A: 20% PEG. day 0; B: 30% PEO, day 0; C: 20% PEO, day 69; D: 
30 30% PEG, day 69. 
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Figure 32 i5 a graph which depicts the cumulative release ofpacUtaxel 
tan 20-/. paditaxel loaded PDLLA.PCL blend, and PCL into PBS albumin buffer at 
37°C The error ban represent the standard deviations of 4 samples. 

Figure 33 i, a graph which depicts, over a time course, the release of 
paditaxd from PCL pastes into PBS at 1TC. The PCL pastes contain micropamcles of 
paditaxel and various additives prepared using mesh #140. Tne error bars represent the 
g ran d a d deviation of 3 samples. 

Figure 34 is a graph which depicts time courses of paditaxel release 
from paclitaxel-gelatin-PCL pastes into PBS at 37-C. TnJs graph show, the eflect, of 
gelatin concentretion (mesh #140) and the size of paditaxel-geiatin (1:1) micropanicles 
prepared using mesh #140 or mesh #60. The error bars represent the standard deviation 
of 3 samples. 

Figures 35A and 35B are graphs which depict the effect of additives 
(17A; mesh #140) and the size of micrcparticles (17B; mesh #140 or #60) and the 
proportion of the additive (mesh #140) on the swelling behavior of PCL pastes 
containing 20% paditaxel following suspension in distilled water at 37»C. 
Measurements for the paste prepared with 270 urn microparticles in pacutaxei-gelatin 
and paste conuining 30% gelatin were discontinued after 4 hours due to oisintegration 
ofthemitrix. The oror b« represem the st* 

Figures 36A, 36B, 36C and 36D are representative scanning electron 
micrographs of psditaxel^eif^PCL (2040:60) pastes before (36A) and after (36B) 
mspcndingmdistilW Micrographs 36C and 36D are higher 

of 36B, showing ultimate association of paditaxel (rod shaped) and 



Figures 37A and 37B are representative photomicrographs of CAMs 
treated with gdathvPCL (37A) and padttaxd-geiatin-PCL (20:20:60; 37B) pastes 
showing zones of avascularity in the paditaxel treated CAM. 

Figure 38 is a graph which shows the phase solubility for cyclodextrinj 
and paditaxel in water at 37«C 
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Figure 39 is a graph which show, second order plot, of the complexion 
of paciitaxel and yCD, HPpCD or HPyCD at 37*C. 

Figure 40 is a graph which show, the phase solubility for paciitaxel at 
37-C and hydroxypropyl.^ctedextrin in 50:50 waterethanol solutions. 

Figure 41 is a graph which show, dissolution rate profile, of paciitaxel 
in 0, 5, 10 or 20% HPyCD solutions at 37°C 

Figure 42 is a graph which plots the observed pseudo first order kinetic 
degradation of paciitaxel (20 ug/mi) in 10% HP(SCD and 10% HPyCD solutions at 37*C 
and pH of 3.7 and 4.9, respectively. 

Figures 43A and 43B, respectively, are two graph, which show the 
release of paciitaxel from EVA films, and the percent paciitaxel remaining in those 
same films over time. Figure 43C is a graph which show, the swelling ofEVA/F127 
filmi^thnopicHtixclove^ Figure 43D is a graph which show, the sweilingof 
EVA/Span 80 films with no paciitaxel overtime. Figure 43E is a graph which depicts a 
1 5 sties, vs. strain curve for various EVA/F127 blends. 

Figure 44 is a graph which shows the effect of plasma opsonization of 
polymeric microspheres on the chemilusuaeecence response of neutrophils (20 mg/ml 
microspheres in 0.5 ml of ceil, (cone 5x10* ceils/ml)) to PCI microspheres. 

Figure 45 is a graph which shows the effect of precoating plasma +A2H 
Plutonic F127 oa the chemiruminescea* response of neutrophils (5x10* ceuVml) to 
PCL microspheres 

Figure 46 is a graph which show, the effect of rxecoating pUsma +A2% 
Pluwotc F127 oa the c hrmthiminrsffrrf response of neutrophils (5x10* cells/ml) to 
PMMA microsphere. 

Figure 47 is a graph which show, the effect of precoating p lasm +/»2% 
Plutonic F127 oa the chemiluminescence response of neutrophils (5x10* ceuVml) to 
PLA microsphere, 

Figure 41 is a graph which show, the effect of precoating plasma +A2% 
Plutonic F127 on the cherniluminescence response of rjcurroptuls (5x10* ceuVml) to 
30 EVAiPLAi 
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Figure 49 is a graph which shows the effect o f precoar^ l g0 (2 
or 2% Pluronic F127 then IgG (2 mg/ml) on the chemiluminescence response of 
neutrophils to PCL microspheres. 

Figure 50 is a graph which shows the effect of precoating IgO (2 mg/ml) 
or 2% Pluronic F127 then IgG (2 mg/ml) on the chemiJuminescence response of 
neutrophils to PMMA microspheres. 

Figure 51 i, . graph which shows the effect of precoating IgG (2 mg/ml) 
or 2% Pluronic F127 then IgO (2mg/ml) on the chenulumir^scence response of 
neutrophils to PVA microspheres. 

Figure 52 is a graph which shows the effect of P re W atmglgG( 2m g /m , x 
or 2% Pluronic F127 then IgG (2 mg/ml) on the cherniiumir^scence response of 
neutrophils to EVA:PLA microspheres. 

Figure 53A is a graph which shows release rate profiles from 
poiycaprolactone microspheres containing 1%, 2%, 5% or I OH paclitaxel into 
phosphate buffered saline at 37«C. Figure 53B is a photograph which shows a CAM 
treated with control microspheres. Figure 53C is a photograph which shows a CAM 
treated with 5% paclitaxel loaded microspheres. 

Figure 54 is a graph which depicts the range of particle sizes for control 
microspheres (PLLA:OA - 85:15). 

Figure 55 is a graph which depicts the range of panicle sizes for 20H 
paclitaxel loaded nikrce^Aertt (PLLA:GA • 15:15). 

Figure 54 is a graph which depicts the range of panicle sizes for control 
microspheres (PLULOA - 85:15). 

Figure 57 is a graph which depicts the range of particle sizes for 20% 
25 pedmueJ loaded microspheres (PUAGA- 85:15). 

Flgwes 5IA, 58B and 58C are graphs which show the release rate 
profiles of paclitaxel from varying ranges of microsphere size and various ratios of 
PLLA and OA. 

Figures 59A and 59B are graphs which shew the release rate profiles of 
30 paclitaxel from microspheres with various ratios of PLLA and OA. 
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Figures 60A and 60B are graphs which show the release rate profiles of 
paclitaxel from microspheres with various ratios ofPLLA and GA 

Figures 6 1 A, 6IB and 61C are graphs which show the release rate 
profiles of paclitaxel from microspheres of varying size and various ratios ofPLLA and 
GA. 

Figure 62 is a graph which depicts paclitaxel release from paclitaxel- 
nylon microcapsules. 

Figures 63A and 63B are photographs of fibronectin coated PLLA 
microspheres on bladder tissue (63A), and poly (Uysine) microspheres on bladder ' 



10 

Figure 64 is a graph which shows that micellar paclitaxel improves the 
daily mean arthritis scores in the collagen- induced arthritis rat model. 

Figures 65A-65D are a series of x-rays which show the effect of micellar 
paclitaxel in the collagen-induced arthritis rat modeL 

Figures 66A-66C are scanning electron micrographs of a rat ankle joint 
Figure 67 is a magnified view which shows the histopathology in the 
collagen-induced arthritis rat modeL 

Figures 6*A and 68B are magnified views of the synovial vasculature in 
the collagen-induced arthritis rat modeL 

Figure 69 is a graph which depicts the induction of contact 
hypersensitivity reaction in mouse ears by oxazoione. Treatment with 1% paclitaxel gel 
or vehicle at the time of antigen challenge ind then once daily. Skin infiammation was 
by iimimiiuiuiiu of ear swelling as compared to pre-challenge ear 
Jues+/.SD(n-S). m9 p < 0.01; ••• p< 0.001. 
Fignra 70. is a graph which depicts the induction of contact 
hypersensitivity reaction in mouse ess* by oxazoione. Initial treatment with 1H 
paclitaxel gal or vehicle at 24 bona ate antigen challenge and thereafter once daily 
Skin inflammation was quanntated by measurements of ear swelling at compared to 
pre-chsllengt ear thickness. Data represent mean values +/- SD (n-5). *p<0.03;**p< 
30 0.01. 
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Figure 71 i, a graph which depicts the induction of akin inflaminanon in 
mouse can by topical appUcation of PMA. Initial treatment with 1% pacUtaxel gel or 
vehicle at 1 hour after PMA application and thereafter once daily. Skin inflation 
was quanutated by measurements of ear filing as compared to ore^hailenge ear 
5 thickness. Data represent mean values +/- SD (n-5). 'jKO.OS; p<o.OOl. 

Figure 72 is a graph which depicts the induction of skin mflanimadon in 
mouse ears by topical application of PMA Initial treatment with 1% pacUtaxel gel or 
vehicle at 24 hours after PMA application and thereafter once daily. Skin inflammation 
was quantitated by measurements of ear swelling as compared to ^-challenge ear 
10 thickness.' Data represem mean vaiues ^. SD (n-5). "p <o.0l; p<0.001. 

Figure 73 illustrates induction of skin inilaiwnation in mouse ears by 
topical application of PMA. ^treatment with 1% pacUtaxel gel (right ear) or vehicle 
(left ear). Image was taken at 48 hours after PMA application. Note redness and 
dilated blood vessels of vehicle^treated left ears, as compared to paciitaxel-treated right 
15 ears. Similar results were obtained in a total of 5 mice. 

Figure 74 is a graph which depicts the effect of pacUtaxel on body 
weight of DM20 transgenic mice. Transgenic mice were treated with vehicle or 
pacUtaxel (2.0 mg/kg) three times weekly for 24 days* and then sacrificed on day 27. 
The results are for two animals treated with pacUtaxel and one untreated animal. 
20 Paclitaxcl treated animals demonstrated minimal weight loss, whereas control animals 
showed a 30% decrease in body weight, from 29g to 22g. 

Figure 75 is a graph which depicts the effect of high dose interval 
paciitaxd therapy oa the progression of clinical symptoms in transgenic mice. 
Transgenic mice were treated with 20 mg/kg pacUtaxel once weekly for 4 weeks (week 
25 0, 1, 2 aad 3) and monitored for 10 weeks, every two days, with scores determined for 
each symptom. The data represents the avenge score (cumulative for aU symptoms) for 
pacUtaxel treated transgemc mice (n-5) and control mice (n-3). Paditaxel treatment 
reduced the deterioration caused by overexpression of DM20 in transgenics, whereas 
control mice deteriorated very rapidly with 2 out of 3 animals not surviving to the end 
30 of the experimental protocol (at indicated). 
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FlgUre3 ?6A Md 768 show P-*— P*te W l ied periv«cul*ri y (ta ^ 

the left comn.cn c™^^^ with 2.5 mg of either comrol (76A) „ 
20H p^^ P- « Con*,, disp,. y ed „ ^ ^ 

thtclme* of me arterim wd due to smooth mtacle cell hyps^oHfenta, where* the 
arte^t^withp^^oadedp^^^^^^^^^^ 

Figure. 77A and 77B depict the proximity effect of perivascular 
P^liuxel pert, in the « cwtid artery model P *clit««|.|o«ied pute .ppUed 
•maedUuly adjacent to the penvaacukr r^pon of the veese! p^vemed restenosis- 
hoover, when the putt w« not directly adjacent to the vender wdl neointimd 
Hyperplasia was evident 

Figure. 78A, 7»B and 78C show the effect of p*ditwl on astrocyte 
OFAP staining. Brain sections from normal animal* and transient -im.i. / j» 

V (WOO 
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develop « neurological disease similar to multiple sclerosis) tre*ed with vehicle or 
paclttaxel were stained with GFAP (a marker for activated astrocytes) and examined 
histologknlly. fa control transgenic mice there was an incms. « the number of 
astrocyte* and total GFAP levels compared to normal brain sections. However, the 
morphology of the cells was similar. Brain section* of paditaxd treated transgenic 
mice show decmued number* of astrocyte, and GFAP level* comparad to untreated 
trtnsgenic animals. Histologically there is cell rounding and thinning of stellate 
processes in Astrocytes. 

Figures 79Aand79Bare gnphs which show that paclftaxei inhibits T- 
ceU stimulation m response to myelin basic protein peptide (GP6W!) snd ConA. A 
4Moot culture of T-cdl proliferation of RM wss performed with G?6t4$ (A) or 
25 ConA (B) as sti mn l sgcns . Paclitaxcl snd its vehicle (micelles* were added st gra ded 
coo cat tta ti on s st the beaming of antigen simulation or 24 hours later. Paditaxd 
whibited T-ceU preUftrstioo at concentrations as low as 0.02 uM, regardless of the 



Figures MA, 80B, 80C snd SOD, are graphs which show that tuberctdia 
30 and paclitaxeJ inhibit both H-l- and TNF-induced NF-kB activity. 
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F,gu« gJA end SIB are which .how (he effect of inewuing 
concern™**, of padiuxel or c^thecin on the cril grow* of hunun 
cencer celb (LNCtf, (2x10- ceU^weU) u metaired by cysul vie-* (0.5H) ^ 
. and ^unon by ab^c. M 4 W ^ Percem ^ is ^ g % ^ 

5 to contioli and a mean of 8 results is given, 

DETAILED DESCRIPTION OF THE INVENTION 

Prior to setting forth the invention, it may be heipfU to an imdewaiiding 
thereof to set form definitions of certain terms that will be used hereinafter. 

H Infl « nmftOTY [TliK I K * as used herein refers to any of a number of 
diseases which are characterized by vascular changes: edema and infiltration of 
neutrophils (e.g., acute inflammatory reactions); infiltration of tissues by mononuclear 
cells; tissue destruction by iirfsrnmitory cells, connective tissue cells and their cellular 
products; and attempts at repair by connective tissue replacement chronic 
inflammatory reactions). Representative examples of such diseases include many 
common medical conditions such is arthritis, ameroscierosis, psoriasis. inflanm«ory 
bowel disease, multiple sclerosis, surgical adhesions, restenosis, tuberculosis, graft 
rejection and chronic inflammatory respiratory diseases (a.*, asthma, pneumowmosis, 
chronic obstructive pulmonary disease, nasal polyps and pulmonary fibrosis). 

"AflfilMOTtBhlh Agffltt* should be understood to include any protein, 
20 peptide, chemical, or other molecule which impairs the taction of microtubules, for 
example, through the prevention or stabilization of polymerization. A wide variety of 
methods may be utilized to determine the amsnmcrrtubule activity of a particular 
compound, including tor example, assays described by Smith et al (Canetr Ua 
79(2)413-219, 1994) aad Moobeny et ai, (Cancer Utt. 9d(2):26 1-266, 1995). 
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As noted above, the present invention provides methods for treating or 
preventing inflammatory diseases, comprising the step of delivering to the she of 
i nfl a mm a ti on an ■jm-microtubulc agent Briefly, a wide variety of agents may be 
delivered to a site of inflammation (or potential site of uiflammation), either with or 
without a carrier (e.g.. a polymer or ointment), in order to trees or prevent an 



(C) 1999 Copyright Derweat Information Ltd. 



WOM04427 

PCT/CA97/QC910 

22 

infianwiatory disease. Representative examples of such agents include taxues (e g. 
paditaxel (discussed in more detail below) and docetaxei) (Schiff et ai, Nature 277- 
665-667. 1979; Long and Fairchiid, Cancer Research 54: 4355-1361. 1994; Ringel and 
Horwitz, J. Natl Cancer Inst 83(4): 288-291, 1991; Pazdur et ai. Cancer Treat. Rev. 
S 19(4): 351-386, 1993), camtx>thedn, cientherobin (e.g., U.S. Patent No. 5,473,057), 
sarcodictyins (including sarcodictyin A), epothilones A and B (Boliag et ai. Cancer 
Research 55: 2325-2333, 1995), discc^ermolide (ter Hear et al.. Biochemistry^: 243. 
250, 1996), deuterium oxide (D,0) (James and Lefebvre, Genetics 130(2): 305-314, 
1992; Sollott et al. J. Clin. Invest. 95: 1869-1876, 1995). hexylene glycol (2-methyl- 
10 2,4-pentanediol) (Oka et al.. Cell Struct Funct. 16(2): 125-134, 1991), mbercidin (7- 
deazaadenosiDe) (Moobeny et ai. Cancer Lett. 96(2): 261-266, 1995), LY290181 (2- 
aniino^3-|)yridylHH-iiaphtMU-b (Panda et al., 1 BloL 

Chem 272(12): 7681-7617, 1997; Wood et al, MoL Pharmacol 52(3): 437-444, 1997). 
aluminum fluoride (Song et al, J. CelL ScL SuppL 14: 147-150, 1991), ethylene glycol 
15 biHsuoaiumidylsticcm^ (Caplow and Shanks, J. Biol. Chem. 265(15): 8935-8941, 
1990), glycine ethyl ester (Mejillano et ai, Biochemistry 31(13): 3478-3483, 1992X 
monoclonal and- idiotypic antibodies (Leu et ai, Proc. Hart. Acad Set USA 91(22): 
10690-10694, 1994), microtubule assembly promoting protein (taxol-like protein, 
TALP) (Hwang et al., Blochem. Btophys. Rex Commvn 208(3): 1 174-1 180, 1995), cell 
20 swelling induced by hypotonic (190 mosmol/L) conditions, insulin (100 nmol/L) or 
giutamine (10 mmol/L) (Haussinger et ai, Blochem. Cell. BloL 72(1-2): 12-19, 1994X 
dynein binding (Ohbt et ai, Blocktm. Blophys. Acta 11580): 323-332, 1993), 
gibbenua (Mhi and Stibeoka, Protoplasma 119(1/2): 100-109, 1984), XCHOl 
(kuate-lite proton) (Yonetani et ai, MoL BloL Cell 7(suppl): 211 A, 1996), 
25. lysoplwsttoknc add (Cook et al. MoL BloL Cell 6(suppl): 260A, 1995). Lithium ton 
(Bhittacsaryya and WouX Blochem. Btophys. Res. Commun. 73(2): 383-390, 1976), 
plant cell wail component! (e.g.. pory-L-lyatae and extensin) (Axashi et al. Planta 
182(3): 363-369, 1990), glycerol buffers (Schilstrt et ai, Blochem /. 277(Pt 3): 839- 
847, 1991; Farrell and Keatea, Blochem. CelL BloL 68(11): 1256-1261. 1990; Lopez et 
30 ai, J. CelL Blochem. 43(3): 281-291, 1990), Triton X-100 microtubule stabilizing 
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buff e t( Bro w„«^yc«« & M04(P,.2):339O52. l 993;S^MnKzk.^B e .l 
J. Htaocto,. Q,oeAm 44(6): 641-656. >996X microtubule aasoaa^ protem3 ( ' 

MAP2, MAP4, uu. big tau, enacotain, elongation fecfcr-l-alph. (EF-lo) and E-MAP- 

115) (Burgea, « .L, CM Motil Cyu^Uem 20(4): 289-300. 1991; Saoudi « aj y. 

J Cell. Set Wm .): 357-367. 1995; Buiinski and Boasler. J. CM Set 10 7(P, „V 

2839-2849, 1994; Ook*» et a... J. CM Biol 128(5): 849-862. 1995; Boyne e, al / 

Comp. Nnr oL 358(2): 279-293. 1995; Feneir. and Cacere*. J . Wc ,. 11(2); ^ 

400. 1991; Thurston et al.. Chromoroma 105(1): 20-30. 1996; Wang et al Bro*. Res. 

^^*«.38<2):2<><>.20M996;Mo«^ 

10 1996; Maaaon and Kreis. 7. Cetf S/oi 123(2X 357-371. 1993). cellular entities (, 
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hiatone HI. myelin baaie protein and kineioehoiea) (Saoudi et aL. J. CM Set 108(1* 
1): 357,367. 1995; Simerly et .L, / CM Biol 111(4): 1491-1504. 1990). endogenous 
niierotubular structure, (e.g.. axonema] atructurea, plug, and GTP capj) (Dy« et al CM 
Cytositbton 21(3): 171-186. 1992; Altar and Murphy. CM MoM CyioOolmon 
15(3): 156-161. 1990; Walker et aL, J. CM Blot 1 14(1): 73-81. 1991; Dreehsel and 
Kirschner, Curr. BloL 4(12): 1053-1061. 1994X sable tubule only polypeptide (,.*. 
STOPI45 and STOP220) (Pirollet et al, Btaeklm. Blopkys. Aeta 1160(1): MMl* 
1992; Pirollet et aL. BloeMmlmy 31(37): 8849-8855. 1992; Bose et aL, Proc Sod 
Acad Set USA 93(5): 2125-2130. 1996; MargolU et al, EMBOJ. 9(12): 4095*102. 
1990) and tension from mitotic forces (Nicklas and Ward, J. CM BloL 126(5): 1241- 
1253. 1994). u well as any analogues and derivatives of any of the above. Such 
compounds can act by either depolymeriang microtubules (eg:, colchicine and 
vinblastine), or by stabilising microtubule formation (e.g.. paclitaxaO. 

Wrtmn one preferred embodiment of the invention, the therapeutic agent 
is p a drrairi, a co m pound which diarupta microtubule formation by binding to tubulin to 
fern shnormal mitotic spindles. Briefly, paciitaxd is a highly derivatized di terpenoid 
(Wad etaL, J. Am. Omm. Soc 932325, 1971) which has been obtained from the 
harvested and dried berk of Twaa brtvi/blia (Pacific Yew) and Taumycu Andrtanat 
and Endophytic Fungut of the. Pacific Yew (Stierie et aL, Selonco 60214-216, 1993). 
"Paclitaxel* (which should be understood herein to include prodrugs, 
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denvmives such as, for example. TAXOL*, TAXOTERE*. DocetaxeJ, iO^sacetyl 
analogues of pacUtol and B^benzoyl-a^-butoxy carbony, analogues of 
pacUtaxel) may be readily prepared utilizing technique, known to those skilled in the art 
(W * ***** * ^ I and F-irchild, C W , Research 

5 5*4355^361. 1994; Ringel and Horwrtz. J. Nad. Cancer Inst «(4);28*29!, 1991- 
Pazdur et al., Cancer Treat Rev. /9<4):35 1-386, 1993; WO 94/07882; WO 9*07881- 
WO 94/07880; WO 94/07876; WO 93/23555; WO 93/10076; WO94700,5* 
W0 93/24476; EP 590267; WO 94/20089; U.S. Patent Nos. 5094,637; 5083053- 
5,279,949; 5074.137; 5002,448; 5,200,534; 5029,529; 5054,580; 5.412 092-' 
10 5.395,850; 5,380,751; 5.350,866; 4.857.653; 5072,171; 5,411,984; 5048 796- 
5048,796; 5.422064; 5000,638; 5094,637; 5062.831; 5,440,056; 4,814 470- 
5078.324; 5052,805; 5,411,984; 5,059.699; 4,942,184; Tetrahedron letter, 
J5(52):9709-9712, 1994;/ Med Chen, J5:423<M237, 1992; J. Med Chen, J*992. 
998, 1991; J. Natural Prod 57(10): 1404- 1410, 1994; J. Natural Prod 57(ll):|5g0- 
15 1583, 1994; J. Awl Chant Sac. 110:655*4560. 1988), or obtained from a variety of 
commerciaJ sources, including for example, Sigma Chemical Co., St Louis, Missouri 
(T7402 - from Taxus brevijoUa). 

I^wsemxtive examples of such paditaxd derivatives or analogues 
include 7-deoxy-docetaxol, 7,8<ydo|xopataxanes, N^ubstztnted 2-azetidones, 6,7. 
epoxy ptclitaxeis, 6.7nnodified pectttaxeis, l(Wesacetoxytaxol, l(Weacetymaol (from 
10-4eacetylbaccatin HI), ph os phooooxy and carbonate derivatives of taxol. taxol 2\7- 
di(sodium 10-benjat^n^rboxyiate, l<Wesacetoxy.lU2-dfcyto^ 
diene derivatives, lOsksacetoxytaxol Protaxol (T-and/or 7-O^ster derivatives X (2*- 
and/or 74>carbooate derivatives), asymmetric synthesis of taxol side chain, fluoro 
toot* 9-deoxotaxane, ( 1 3-ecetyl-9-decxobaccetiae in, 9-deoxotaxoL 7-deoxy-9- 
deexocaxol, 10Hksecetoxy-7HJeoxy.9Hleoxotaxol, Derivatives containing hydrogen or 
acetyl group and a hydroxy and tert-butoxycarboiiylamii», sulfonated 7-acryioyltaxol 
and sulfonated 7-0*eyt acid taxol derivatives, succinyltaxot, 2>*minobutyryltaxol 
formate, 2 , -acetyj taxol, 7-acetyl taxol, 7-giycine carbamate taxol, 2*OH-7-PEG(5000) 
carbamate taxol, ^benzoyl and 2',7-dibenzoyl taxol derivatives, other prodrugs (T- 



20 



25 



(C) 1 999 Copyright Derwent Information Ltd. 



WO 9104437 

PCT/CAJ7fl09lO 

25 

acetyluxol; 2',7^acetylUxol; 2'succinyltaxol; 2'^beu^,^. rgamma . 
anunobutyryluxoi formate; ethylene glycol derivatives of ^succinyltaxol- 2' 
glutaryltaxol; 2'-{N,N-dimethylglycyl) taxol; T^li 

dimethylamiru,)pTopionyl)tool; rorthc^arboxybeBzoyl taxol; 2'aliphaxic carbolic 
5 acid derivative, of taxol. Prodrugs {2'(N^ethylaminopn)pmyl)taxol 2'(N,N- 
dimethylglycyDtaxoi. 7(N^oethylglycyl)taxon 2\7^^^iimethylgJycyl)t«oh 
7(N,N^ethylainiriopropio^ ^(N^iethylaminoprojnonyl^ 2 '-<L- 

gJycyDtaxol, 7^-gJycyl)taxoL 2\7sii(L.glycyl)taxol 2^L.aianyl)taxol/ 7^L- 
alanyl)taxoi, 2\7«nU^|)taxol. 2'<l-leucyl)taxol, 7-<L.leucyl)taxol, 2\7kU(L. 
10 leucyDtaxoi 2'-(L-isoleucyl)texol f 7^i»le»cyl)taxol, 2\7^. iS oleucyl)taxol, 2'-(L- 
valyl)taxol. 7<L.valyl)Uxol t 27-di(^vajyl)taxol, r-a-phenylalanyDtKol. 7^. 
phenylaianyl)taxol, 2',7^a-pi«ylaknyl)tw 0 l, r^L-prolyOtaxol, 7^^1)^X01, 
2\7^p ro ly|)taxoi, 2'-(Uysyl)taxoL 7-a-lysyl)tjDtol, 2',7^i(L4ysyl)taxol, 2ML- 
glutamyl^!, 7«L.gh«arnyi)taxoL 2\7^^utamyl)taxol, 2^.argmyl)taxol, 7-(L- 
arginyl)taxol, 2\7^^iryl)eaxol}, Taxol analogs with modified phenylisoserine 
side chains, taxotere, (Nnfcbenie^-N-tm-^^ ^ 
taxanes (t.g. t baccatin m, cephaiornannine, I0<^lbaccatm III, brevifoUol, 
yunantaxusm and taxusin). 

Representative examples of microtubule depoiyraeriang (or 
destabilizing or disrupting) agents include Nocodazole (Ding et al, y. Exp. Mtd 
77/flJ:715-727, 1990; Dot* et aL, J. CtU Sci SuppL 75:7544, 1991; Oka et al, CtU 
Stntct Fvnct 16(2): 125-134, 1991; Wiener et aL, J. CtlL BtoL U6(l) J\40 t 1997); 
CytochatotiB B (IIBsgar et aL, BtoL CtU 7J0.#13 1-131, 1991); Vinblastine (Ding et 
•L, J. Exp. Mid /7/0;:715-727, 1990; Dirt et al. Ntvrochsm. Rex 75r7/J:l 135-1 139. 
25 1990; Winger et aL, BloL CtU 7JfW;:l3M3S, 1991; Wtemcr et aL, J. Cell Biol. 
/ieY/;:71-IO, 1997); Vincristine (Dirk etaUAtaoeAeaa Res. 7Jtf/;:l 133-1 139, 1990; 
Ding et aL, J. Exp Mid / 7/0*715-727, 1990); Colchicine (Allen et aL, Am. 1 
Physiol 261(4 Pt /;:L315-L321, 1991; DingctaL,./ Exp. Mid 77/^:715-727, 1990; 
Gonzalez et al., Exp, CilL Rmx. I92(1)i\W, 1991; Stargtil et aL, MoL CtU. Biol 
72^:1443-1450, 1992); C! 980 (colchicine analogue) (Garcia et aL, Anticancer Drags 
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5^:533-544, 1995); Colccmid (Bartow et «!.. Cell Motil Cytoskeleton 19(1)*. X1 
1991; Mcschini et al., J. Micros* 176(Pt J,:204-210, 1994; Ok. et al Cell Sirvci. 
Funct. 16P)A2S.m t 1991); Podophyllotoxin (Ding ct al. 1 Exp. Med 171(3)^ 
. 727, 1990); Benomyl (Hardwick et aL. J. Cell Biol 13 1(3), 709-720, 1995; Shero et al 
5 Gems Dev. 5^:549-560. 1991); Oryraiin (Stargeil et al. Mol Cell Biol 12(4)^1 
1450, 1992); Majusculamide C (Moore, I Ind Microbial. 7^:134-143, l996); 
Demecoicine (Van Dolah and Ramsdell, J. Cell Physiol /*W:49-56. 1996* Wiemer 
et a!.. 1 Cell Biol /JoY/,:71.gO, 1997); and Methyl^ben^dazoiecarWe (MBC) 
(Brown et al. / Cell Biol 123(2)397*402, \ 993). 

As noted above, therapeutic anri-microtubulc agents described herein 
may be formulated in a variety of manners, and thus may additionally comprise a 
carrier. In this regard, a wide variety of carriers may be selected of either polymeric or 
non-polymeric origin. 

For example, within one embodiment of the invention a wide variety of 
polymeric carriers may be utilized to contain and/or deliver one or more of the 
therapeutic agents discussed above, including for example both biodegradable and non- 
biodegradable compositions. Representative examples of biodegradable compositions 
include albumin, collagen, gelatin, hyaluronic acid, starch, cellulose (methylcellulose, 
hyoroxypiopylceUulost, hydroxTpropylmemylceUulc^ (arboxytnemylcelluiose. 
cellulose acetate phthalate, cellulose acetate succinate, hydroxyzine 
phthalate), casern, demos, polysaccharides, fibrinogen, poly(D,L lactide), pory(DX- 
lacrioWo-giycolideX poly(glycolidc), polyftydroxyburyrate), poly(alkylcarbonate) and 
poMorihocstenX polyesters, poly(hydnwyvileric acid), polydioxanone, polyethylene 
25 tercinthalam), pottfmabc acid), poly(tajtrornc acid), polyanhydrides, 
polyphosphaaenes, pory(amino acids) and their copolymers (xet generally, lUum, L, 
Davids, S.S. (eds.) "Polymers in Controlled Drug Deli very" Wright, Bristol, 19S7; 
Arshady, J. Controlled Mease /7:l-22. 1991; Pitt. InL J. Phar. 59:173-196, 1990; 
Holland et al, J. Controlled Release 4:155-0180, 1986). Representative examples of 
30 nondegradaWe polymers include poly(ethylenc-vinyl acetate) ("EVA") copolymers. 
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silicone rubber, acrylic polymers (polyacrylic acid, polymethylacrylic acid, 
polymethylmethacrylate, polyalkylcynoacrylate), polyethylene, polyproplene 
polyamides (nylon 6,6), poiyurethane, poiy(ester urethanes), poly(ether urethanes)! 
poly(ester-ure.), polyethers (poly(ethylene oxide), poly(propyIene oxide), Pluronics and 
poltftetramethylene glycol)), silicone rubbers and vinyl polymers 
(polyvmylriyirolidoiie, polyvinyl alcohol), poly(vinyl acetate phthalate). Polymers 
may also be developed which are either anionic (e.g., alginate, carrageenin, 
carboxymethyl cellulose and pory(acrylic acid), or cationic (*.*, chitosan, poly-L- 
lysine, polyethylenimine, and poly (alryl amine)) (see generally, Dunn et al„ y. Applied 
PolymerSci 50:353-365, 1993; Cascone etaL.J Mas*** ScL Materials in Medicine 
5:770-774, 1994; Shirtishi etaL, Biol Pharm. Bail. 74(1 1): 1164-1 168, 1993; 
TTiacharodi andRao./m'/y. Pharm. 720:115.118. 1995; Miyaaki et H.MT J. Pharm. 
;/*257-263. 1995). Particularly preferred polymeric carriers include polyethylene- 
vinyl acetate), poly (DX-lactic acid) oligomers and polymers, poly (L-ltctic acid) 
oligomers and polymers, poly (glycoUc acid), copolymers of lactic acid and glycolic 
arid, poly (caprolactonc), poly (vaierolactone), polyanhydrides, copolymers of poly 
(caprotactone) or poly (lactic acid) with a polyethylene glycol (eg., MePEG), and 
blends thereof 

Polymeric carriers can be fashioned in a variety of forms, with desired 
release characteristics ai>d/or with specific desired properties. For example, polymeric 
carriers may be fashioned to release a therapeutic agent upon exposure to a specific 
triggering event such tt pH (set , Keller etaL, "Chemically Self-Regulated Drug 
Delivery Systems,- in Polymers in Medicine IB. Elsevier Science Publishers B.V., 
Amsterdam, 1988, pp. 175-188; Kang et aL, J. Applied Polymer Set tf:343-354, 1993; 
25 Dong etaL,/ Controlled Release 19:171-178. 1992; Dong and Hoffinan, / Controlled 
XMhan 75:141-152, 1991; Kim etaL, J. Controlled Relics* 2*143-152, 1994; 
Coreejo-Brtvo etaL, a Controlled Release JJ:223-229, 1995; Wa and Lee, Pharm. 
Res. /6X10):1544.1547. 1993; Sane etaL, Pharm Res. /J(2): 196-20 1, 1996; Peppaa, 
"Fundamentals of pH- and Temperature-Sensitive Delivery Systems/ in Ouray et aL 
(eda.X Pulsatile Drug Delivery, VTtssenschaftliche Verlagsgesellschaft mbH. Stuttgart, 
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1993, pp. 41-55; Doelker. "Cellulose Derivatives, • 1993, in Peppas and Langer (eds ) 
Blopolymers /, Springer-Verlag. Berlin). Representative examples of pH-sensitive 
polymers include poly(acrylic acid) and its derivatives (including for example, 
bomopolymers such as poiy(aminocarboxy!ic acid); poly(acryiic acid); poly(methyl 
acryUc acid), copolymers of such homopolymers, and copolymen of poly(acrylic acid) 
and acrylmooomers such as those discussed above. Other pH sensitive polymers 
include polysaccharides such as cellulose acetate phthalate; 
hydroxypropylmethylceUulose phthalate; hydroxypropyunethylceUdose acetate 
succinate; cellulose acetate trimellilate; and cbitosan. Yet other pH sensitive polymers 
include any mixture of a pH sensitive polymer and a water soluble polymer. 

Likewise, polymeric carriers can be fashioned which are temperaiure 
sensitive {see e.g., Chen etaL, "Novel Hydrogels of a Temperarure-Seuitive Pluronic 
Grafted to a Bioadhesive Poryecrylic Acid Backbone for Vaginal Drug Delivery," in 
Proceed Intern. Symp. Control Rel Blood Mater. 22:\67-\6t f Controlled Release 
Society, Inc., 1995; Okano, "Molecular Design of Stimuii-Responsive Hydrogels for 
Temporal ControUed Drug Delivery," in Proceed Intern. Symp. Control Rel Bloact 
Mater. 22M\A\X Controlled Release Society, Inc., 1995; Johnston et al., Pharm. Ret. 
0(3):425^33, 1992; Tung, Intl J. Pharm. 107:15-90^ 1994; Harsh and Gehrke, J. 
Controlled Release 77:17M86\ 1991; Bae etai, Pharm. Res. 5(4):531.537, 1991; 
20 Dinarvand and D*Emanuek, J. ControUed Release S6:22Uin t 199$; Yu and Grainger, 
"Novel Thermo-samtive Amphiphilic Gels: Poly NMSopropylacrylaixude<o-soo^um 
acrylate<OHi-N-alkylacrytan^ Network Synthesis and PhystccchemicaJ 
OisaKttrizatioo, - Dept. of Chemical ft Biological Set- Oregon Graduate Institute of 
S«ence ft Technology, Beaverton, OR, pp. 820-821; Zhou and Smid, "Physical 
25 Hydrogels of Associative Star Polymers," Polymer Research Institute, Dept. of 
Chemistry, College of Eirvtronmenul Science and Forestry, State Univ. of New York, 
Syracuse, NY, pp. 822-823; Hoffinan etal., "Oaricteriang Pore Sizes and Water 
Structure' in Stimuli-Responsive Hydrogels," Center for Btoenginecring, Univ. of 
Washington, Seattle, WA, p. 828; Yu and Grainger, nThermo-eensitzve Swelling 
30 Behavior in Crosslinked N-isonropylacryUmide Networkj; Canonic, Anionic and 
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Ampholyte HydrogeU," Dept of Chemical A Biological Sci., Oregon Graduate 
Insmute of Science & Technology, Beaverton, OR, pp. 829-830; Kim etal Pharm. 
Res. Pt3):283.290, 1992; Bae etal., Pharm Res. S(5):62<MS28, 1991; Kono'etal J. 
Controlled Release J*69-75, 1994; Yoshida etaL, J. Controlled Release J*97.,02 
1994; Okano etaL. J. Controlled Release J*12M33, 1995; Chun and Kim, J. 
Controlled Release J*39-47, 1996; D«Emanuele and Dinarvand, Int'l J. Pharm. 
7/5:237.242, 1995; Katono et al„ J. Controlled Release 75:215.228, 199!; Hoffman, 
"Thermally Reversible Hydrogels Containing Biologically Active Species," in 
Migliaresi etal. (eds.), Polymers in Medicine Iff, Elsevier Science Publishers B.V., 
Amsterdam, 1988, pp. 161-167; Hoffinan, "Applications of Thermally Reversible 
Polymers and Hydrogels in Therapeutics and Diagnostics,'' in Third International 
Symposium on Recent Advances in Drug Delivery Systems, Salt Lake City, UT, Feb. 24- 
27. 1 987, pp. 297-305; Gutowska et ai, J. Controlled Release 22*£\04, 1992; Pt^ 
and Gehrxe, J. Controlled Release /*U2, 1992; Paavola etaL, Pharm. Res. 
15 72(12):1997-2002, 1995). 

Representative examples of thermogellmg polymers, and their gelatin 
temperature (LCST CQ) include homopolymers such as 
poly(N-niemy|-N-ri-prow 19.8; iwly^N-ii-propylacrylamide), 21.5 

poly(N-nKmyl.N-isopropylac^ 213; poly(N.ii-propyimethacrylazmde), 28.0; 

20 poIy(NH$opropyIacrylaxnide), 30.9; poiy(N, nHtiethylacrylamideX 32.0; 
poly(N.isopropylniethacrylaim 44.0; poiy(N<ycwptD|rylaaylaiiude), 45.5 
poly(N<myunathYacry!amide^ 50.0; poly(NHx^l.N-emyIacrylamideX 56.0; 
Poly(H<yelopiopylmetn^ Moreover 
thamogdling polymers may be mad* by preparing copolymers between (among) 
monomers of the above, or by combining such homopolymers with other water soluble 
porymen such as acryhnooomers (eg., acrylic acid and derivatives thereof such is 
methyiaoylic add. aery lata, and derivatives thereof such as butyl methacrylate, 
acrylamide, and N-n-butyl acrylamide). 

Other representative examples of thermogeUing porymen include 
cellulose ether derivatives such is hydroxypropyl cellulose, 41*C; methyl cellulose. 
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55"C; hydxoxypropylmethyl cellulose. 66*C; and emymydroxyethyl cellulose, and 
Pluronics such as F-127, 10 - 15*C; L-122, 19'C; L-92, 26'C; Ul, 20°C; and L*6l 
24°C. 

A wide variety of forms may be fashioned by the polymeric carriers of 
the present invention, including for example, rod-shaped devices, pellets, slabs, or 
capsules {see e.g., GoodeU et aL, Ant J. Hasp, Pharm. 4*1454-1461, 1986; Longer et 
aL, "Controlled release of inacremoleeuies from polymers", in Biomedical Polymers. 
Polymeric Materials and Pharmaceuticals for Biomedical Use, Goldberg, LP., 
Nakagim, A. (eds.) Academic Press, pp. 113-137. 1980; Rhine et aL. J. Pharm. Set 
*P:265-270. 1980; Brown et ai., J. Pharm. Set 72:1181-1185. 1983; and Bawi et al„ J. 
Controlled Release 7:259-267, 1985). Therapeutic agents may be linked by occlusion 
in the matrices of the polymer, bound by covalent linkages, or encapsulated in 
microcapsules. Within certain preferred embodiments of the invention, therapeutic 
compositions are provided in non-capsular formulations such as microspheres (ranging 
from nanometers to micrometers in size), pastes, threads of various size, films and 
sprays. 

Preferably, therapeutic compositions of the present invention are 
fashioned in a manner appropriate to the intended use. Within certain aspects of the 
present invention, the therapeutic composition should be biocompatible, and release one 
20 or more therapeutic agents over a period of several days to months. For example, 
"quick release" or "burst" therapeutic compositions are provided that release greater 
than 10H, 20% or 25H (w/v) of a therapeutic agent (e.g., padhaxeft) over a period of 7 
to 10 days. Such "quack release" compositions should, within certain ernbodiments. be 
capable of releasing cfaemotherapetmc levels (where applicable) of a desired agent 
Whhm other fm h o d imrnts , "tow release" therapeutic compositions are provided that 
release lest than IH (wfr) of a therapeutic agent over a period of 7 to 10 days. Further, 
therapeutic compositions of the present invention should preferably be stable for several 
months and capable of being produced and maintained under sterile conditions. 

Within certain aspects of the present invention, therapeutic compositions 
may be fashioned in any size ranging from 50 run to 500 urn, depending upon the 
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particular use. Alternatively, such composition, may also be readily applied as a 
"spray", which solidifies into a film or coating. Such sprays may be prepared front 
microspheres of a wide array of sizes, including for example, from 0.1 m to 3 «, 
• ™™ lo ^»30um,andfiOT30umtolOOunL 
5 Therapeutic compositions of the present invention may also be prepared 

in a variety of "paste" or gel form, For example, within one embodiment of the 
invention, therapeutic composition, are provide* which are liquid at one temperature 
(**. ternperature greater than 37°C, such a, 40T. 45'C, 50T, 55«C or 60«C) and 
solid or semi-solid at another teorperarure <„. ambient body tempemture, or any 
10 temperature lower than 37-Q. Such "thermopastes' may be readily made given the 
disclosure provided herein. 

Within yet other aspects of the invention, the therapeutic composition, of 
toprtsmuveiitta ?tMfy § ^ ^ m mmMflm 
than 5, 4, 3, 2, or i mrn tfcdc, inore ^ 

most preferably less 500 um to 1 00 urn thick. Such film, are preferably flexible 
with a good tensile strength (,.*. greater than 50, preferably greater than 100, and more 
preferably greater than 150 or 200 NW), good adhesive properties (U, readily 
adheres to moist or wet surraces), and have controlled permeability. 

Within further aspects of the invention, the therapeutic compositions 
may be formulated for topical application. Represeritative examples include: ethanol; 
mixtures of ethanol and glycol, ethylene glycol or propylene glycol); mixtures of 
ethanol and isopropyl myristate or ethanol, isopropyl myristate and water («.*, 
55:5:40): mixtures of ethanol and emeoi or D-lirnonene (with or without water); glycols 
(«.*, ethylene glycol or propylene glycol) and mixtures of glycol, such as propylene 
glycol aad water, phosphatidyl glycerol, diokoy (phosphatidyl glycerol, Tranacutol*. or 
terpnolene; mixtures of isopropyl rayriitate and l-hexyl-2-pyrrouctae, N-dodecyl-2- 
mperidbone or l-hexyl-2-pyrroh'done. Other exripiena may also be added to the 
above, including for example, acids such at oleic acid and linolek add, and soaps such 
a, sodium lauryl sulfrte. For a more detailed description of the above, xt$ gmralty, 
Hoelgaard et aL, / Contr. JUL 7:11 1, 1915; Liu et aL, Pharm. Res. *93l, 1991 ; Roy et 
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al., J. Pharm. ScL «:126, 1991; Ogiso el al.,7. Pharm Set **482, 1995; Sasaki et al 
V. Jta 5c/. **533, 1991; Okabe et al., J. Corur. Rei. 3*243, 1994; Yokomizo et al'] 
J. Corur. Rei 38:267, 1996; Yokomizo et aL,V. Corur. Rei. 42:V, 1996; Mondetal.,/ 
Conrr. Rei. 33:72, 1994; Michniak et aL, I Corur. R$L 32M7. 1994; Sasaki et ai jr 
Pharm Set 50:533, 1991; Baker & Hadgmft, Mem **, /*993, 1995; Jasti et al ' 
AAPS feedings, 1996; Lee et al. Proceedings, 1996; Ritschel et al., Skin 
Pharmacol *235, 1991; and McDaid & Deaiy, /nr. 7. /»Aarm /jj :7i< 1996 

Within certain embodinientt of the invention, the therapeutic 
compositions may also comprise additional ingredients such as surfactants (e.g., 
Pluronics such as F-127, L-122. L-92, L-81, and L-61). 

Within further aspects of the present invention, polymeric carriers are 
provided which are adapted to contain and release a hydrophobic compound, the carrier 
containing the hydrophobic compound in combination with a carbohydrate, protein or 
polypeptide. Within certain embodiments, the polymeric carrier contains or comprises 
regions, pockets, or granules of one or more hydrophobic compounds. For example, 
withinone embodiment of the invention, hydrophobic compounds may be incorporated 
within a matrix which contains the hydrophobic compound, followed by incorporation 
of the rnatrix within the polymeric carrier. A variety of matrices can be utilized in this 
regard, including for example, carbohydrates and polysaccharides such as starch, 
cellulose, dextran, methylceilulose, and hyaluronic acid, proteins or polypeptides such 
as albumin, collagen and gelatin. Within alternative embodiments, hydrophobic 
compounds may be contained within a hydrophobic core, and this core contained within 
a hydrophilic shell 

Other carriers that may likewise be utilized to contain and deliver the 
25 therapeutic agents described herein include: hydroxypropyl 0 cyclodextrin (Cserhari and 
Hollo, bft J. Pharm. 70*69-75, 1994), liposomes (set e.g. t Sharma et at. Cancer Res. 
JJ:5877-5881, 1993; Sharma and Straubinger, Pharm. Rms. //(60):889-896, 1994; WO 
93/18751; U.S. Patent No. 5,242.073X Uposome/gel (WO 94/26254% nanocapsuks 
(BartoU et ai„ J. Microencapsulation 7(2); 191-197, 1990X mieeUes (Alkar>Onyuksel et 
30 al, Pharm. Res. ;/(2):20Ml2, 1994\ implants (Jampel et al.. trmsi. Ophshatm. Vis, 
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Ml 0:3076-3083. 1993; Walter et al.. Cancer ^22017-2212 1994) 
nanoptnicles (Violante and Onzafame PAACR), nanoparticies - modified (U.S. Patem 
No. 5,145,684), oanopamdea (surface modified) (U.S. Patent No. 5,399 363) taxol 
emulsion/solution (U.S. Patent No. 5,407,683). micelle (surface) (U.S.'patent No. 
5,403,858), synthetic phospholipid compounds (U.S. Patem No. 4,534,899) gas borne 
dispersion (U.S. Patent No. 5,301,664). liquid emulsions, foam! spray. gcI , Iotion , 
cream, ointment, dispersed vesicles, panicles or droplets solid- or liquid- aerosols, 
nucroemulsiooa (U.S. Patent No. 5.330.756). polymeric shell (nano. and micro- 
capsule) (U.S. Patent No. 5.439.686). taxoid-based composition, in a surftce-active 
agent (U.S. Patau No. 5.438.072). emulsion (Terr et al. f Pham Ru. 4: 62-165. 1987), 
nanospheres (Hagan et al.. Proc Intern. Symp. Control RtL Bioact Mattr. 22 % 199s| 
Kwoo et aL, Pham Rts. 120)'. 192-195; Kwon et aL, Pharm Ra. WV*7W4i 
Vokoyamaet^y. Contr. RiL J*269-277. 1994; Grefet aL, ScUnc* 26S:\W.\W % 
1994; Bazile et aL, J. Pham. Set *V:493-498, 1994) and implants (U.S. Patent 
15 No. 4,882,168). 

As discussed in more detail below, therapeutic agents of the present 
invention, which are optionally incorporated within one of the carriers described herein 
to form a therapeutic composition, may be prepared art utilized to treat or prevent a 
wide variety of diseases. 
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Aj noted above, the present invention provides methods for treating or 
preventing a wide variety of inflammatory diseases, comprising the step of 
administering to a patient an aati-microtubule agent Representative examples of 
infl a mm a tor y diseases mat may be treated include, for example, atrophic gastritis. 
25 infl a mrmtm y hemolytic anemia, graft rejection, inflammatory neutropenia, bullous 
pemphigoid, codiac disease, demyeiinating neuropathies, dennatomyositis, 
inflammatory bowel disease (ulcerative colitis and Crohn's disease), multiple sclerosis, 
myocarditis, myositis, nasal polyps, chronic sinusitis, pemphigus vulgaris, primary 
glomeruionephrids, psoriasis, surgical adhesions, stenosis or restenosis, scleritU, 
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scleroderma, eczema (including atopic derma** irritant dermatitis, allergic dermathi,) 
and type I diabetes. 

Other examples of inflammatory diseases include vasculitis (e.* Giant 
cell arteritis (temporal arteritis, Takayuu's arteritis), polyarteritis nodosa, allergic 
angiitis and granulomatosis (Churg-Strauss disease), polyangitis overlap syndrome, 
hypersensitivity vasculitis (Henoch-Schoniein purpura), serum sickness, dnig-induced 
vasculitis, infectious vasculitis, neoplastic vasculitis, vasculitis associated with 
connective tissue disorders, vasculitis associated with congenital deficiencies of the 
complement system. Wegener's granulomatosis, Kawasaki's disease, vasculitis of the 
central nervous system, Buerger's disease and systemic sclerosis); gastrointestinal tract 
diseases (e.g., pancreatitis* Crohn's disease, ulcerative colitis, ulcerative proctitis, 
primary sclerosing cholangitis, benign strictures of any cause including ideopathic (e.g., 
strictures of bile ducts, esophagus, duodenum, small bowel or colon); respiratory tract 
diseases (e.g., asthma, hypersensitivity pneumonitis, asbestosis, silicosis and other 
forms of pneumoconiosis, chronic bronchitis and chronic obstructive airway disease); 
nasolacrimal duct diseases (e.g., strictures of all causes including ideopathic); and 
eustachian tube diseases (e.g., strictures of ail causes including idiopathic). 

In order to further the understanding of such diseases, representative 
inilarmnatory diseases are discussed in more detail below. 

1. MammaorvStoiDisiaseire.*. Pr^^r^i 

Utilizing the agents, compositions and methods provided herein, t wide 
variety of inflammatory sain diseases can be readily treated or prevented. For example, 
within one embodiment of the invention an inflammatory skin disease such as psoriasis 
or eczema may be treated or prevented by delivering to a site of inflammation (or a 
potential sits of infl a mm a fi on) an agent which inhibits microtubule function. 

Briefly, skin celjs an genetically programmed to follow two possible 
programs - normal growth or wound healing. In the normal growth pattern, skin cells 
are created in the basal cell layer and then move up through the epidermis to the skin 
surface. Dead cells are shed from heahhy skin at the same rate oew cells are created 
The turnover time (U, time from cell birth to death) for normal skin cells is 
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approximately 28 day,. During wound hewing, accelerated growth and repair is 
triggered resulting in rapid turnover of skin cells (to replace and repair the wound) 
increased blood supply (to meet the increased metabolic needs associated with growth)' 
and localized inflammation. 

In many respects, psoriasis is similar to an exaggerated wound healing 
process. Skin cell, (called Iceratmocytes") are created and pushed to the skin surface in 
as little as 2- 4 days. The surface skin cannot shed the dead cells fast enough and 
excessive kemmocyte, build up to fom elev^ sauy lesions. This growth is 
supported by new blood vesseU m the 

estaWished to provide the nutrient, necessary to support the hyperproliferating 
keratinocytes. At tte sane time, lymphocytes, r*eutrophils and macrophage invade the 
tissue, creatmginilam^ 

factors which augment the rapid proliferation of the keratinocytes. All these cells 
(keratmocytes, vascular endothelial cells and white blood cells) produce tissue 
degrading enzymes or proteinases that aid in the progression of the disease and the 
destruction of surrounding tissue. 

Utilizing the compositions provided above, mflamrnatory skin lesions 
may be readily treated. In particular, the ann-rnicrotubule agent is administered directly 
to the site of inflamjnatxsj (or a potential site of inflammanon), in order to treat or 
prevent the disease. Suitable axm-aucrotubule agents are discussed in detail above, and 
include for example, taxanes (<*, paditaxd and docctaxei), campothecin, eleutherobin, 
sarcodkryins, e p othil o na A and B, diseodermolide, deuterium oxide (D,0), hexylene 
gfarool Q*Xhfr2.4imm*dk>\\ tubercidin (7-rtfmadrnorae), LY290I81 (2-amino- 
4-<l^iidy r>4H^umhlso( 1 ,2-b)pynD-3<arjdoiutiUc), aluminum fluoride, ethylene 
25 glycol bisKsuccmirnidYuwccmate glycine ethyl ester, monoclonal anti-idiotypic 
■ ti b ooloi, micTDtobttle assembly promoting protein (taxol-like protein, TALP), ceU 
swelling induced by hypotonic (190 mosnoi/L) conditions, insulin (100 nmol/L) or 
gtutainine (10 mmol/L), dynem binding, gibberelin, XCHOI (tiaerin-like protein), 
lysopboteoatidk acid, lithium ton, plant ceU wail components (e.g.. poty-L-rysine and 
30 ort e nsin ), glycerol buffers, Triton X-100 microtubule stabilizing buffer, microtubule 
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associated protein, MAP2. MAP4, tau, big tau, ensconsin, elongation fkctoM- 
alph. (EF-la) and E-MAP-1 15), cellular entities (*.*, histone HI. myelin basic protein 
and kinetochores), endogenous microtubular structures (e.g.. axonemaj structures,' plugs 
and OTP caps), stable tubule only polypeptide (e.g.. STOP 145 and STOP220) and 
tension from mitotic forces, as well as any analogues and derivatives of any of the 
above. Within certain embodiments, the anti-nucrotubule agent is an agent other than a 
paciitaxel, campothecin, or an epothiJone, Such agents may. within certain 
embodiments, be delivered as a composition along with a polymeric carrier, or in a 
liposome, cream or ointment formulation as discussed in more detail both above and 
below. Within preferred embodiments of the invention, the agents or composmons are 
delivered either topically, or by subcutaneous adrninistration. 

An effective anu-microtubule therapy for psoriasis will achieve at least 
one of the following: decrease the number and severity of skin lesions, decrease the 
frequency or duration of active disease exacerbations, increase the amount of time spent 
in remission (U, periods when the patient is symptom-free) and/or decrease the 
severity or duration of associated symptoms (a.*, joint pain and swelling, axial skeletal 
pain, bowel symptoms). 

Clinically the treatment will result in a reduction in the size or number of 
skin lesions, diminution of cutaneous symptoms (pain, owning and bleeding of the 
affected skin) and/or a reduction in associated symptoms (*a\, joint redness, heat, 
swelling, diarrhea, abdominal pain). Pathologically aa ann-microtubule agent will 
produce at least one of the following: inhibition of keratznocyte proUfersrion, reduction 
of skin mflammatioo (for example, by impacting on: attraction and growth foctora, 
antigen prr tantatinn, production of reactive oxygen species and matrix 
25 m et alloc y octmases), and inhibition of dermal angiogenesia. 

The antMicrotubule agent can be administered in any manner to 
achieve the above end points, but preferred methods include topical and systemic 
adrnuustnaon. Patients with localized disease can be administered a topical paciitaxel 
cream, ointment or emollient applied directly to the psoriatic lesions. For example, a 
30 topical cream <**tifmt«g O.01H to 10% paciitaxel by weight can be administered 
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depending upon severity of the disease and the patient's response to treatment In a 
preferred embodiment, a topical preparation containing paciitaxel at 0.1% to 1% by 
weight would be administered to psoriatic lesions. Alternatively, direct intracutaneous 
injection of paciitaxel in a suitable pharmaceutical vehicle can be used for the 
5 management of individual lesions. 

In patients with widespread disease or extracutaneous symptoms (e.g., 
psoriatic arthritis. Rater's syndrome, associated spondylitis, associated inflam matory 
bowel disease) systemic paciitaxel treatment can be administered. For example, 
intermittent treatments with an intravenous paciitaxel formulation can be administered 

10 at a dose of 1 0-75 mg/m 2 depending upon therapeutic response and patient tolerance; an 
equivalent oral preparation would also be suitable for this indication. Other and- 
microtubule agents would be adcunistered at "paciitaxel equivalent 1 ' doses adjusted for 
potency and tolerability of the agent 

Other conditions can also benefit from topical anti-microtubule agents 

15 including: eczjematous disease (atopic dermatitis, contact dermatitis, eczema), 
immuno bullous disease, pre*malignant epithelial tumors, basal cell carcinoma, 
squamous cell carcinoma, keratocaiuhoma, malignant melanoma and viral warn. 
Topical creams, ointments, and emollients containing 0.01% to 10% paciitaxel by 
weight can be suitable for the management of these conditions. 

20 1 MuitinU Scttrosu 

Within other aspects of the invention, antinnicrorubule agents may be 
utilized to treat or prevent multiple sclerosis. Briefly, multiple sclerosis (MS) ia a 
devastating demyeiinatmg disease of the human central nervous system. Although its 
etiology and p a th og enesi s is not known, genetic, immunological and environmental 

25 factors are believed to piay a role. In the course of the disease, there is a progressive 
demyelination in the brain of MS patients resulting in the lore of motor function. 
Although too exact mechanisms involved in the loss of myelin are not understood, there 
is an increase in astrocyte proliferation and accumulation in the areas of myelin 
destruction. At these shea, there is macrophagc-like activity and increased protease 

30 activity which is at least partially responsible for degradation of the myelin sheath. 



(O 1999 Copyright Derwent Information Ltd. 



W ft/34427 



38 

The anti-raicrotubulc agent can be administered to the site of 
inflammation (or a potential she of inflammation), in order to treat or prevent the 
disease. Suitable anti-micro tubule agents are discussed in detail above, and include for 
example, raxanrs (eg., padhaxel and docetaxel), campothecin, eleutherobin, 
5 sarcodicryins, epothilones A and B, discodermolide, deuterium oxide (D 2 0), hexylene 
glycol (2-methyl-2 t 4-penianedic4), tubercidin (7-deaznadenosine), LY290181 (2-amino- 
M3-pyhdylHHHiaphtho(l^^)pyran*3<aidoriitrile) t aluminum fluoride, ethylene 
glycol bis^succintaidytsuccinate), glycine ethyl ester, monoclonal anti- idiotypic 
antibodies, microtubule assembly promoting protein (taxoMike protein, TALP), cell' 

10 swelling induced by hypotonic (190 mosmol/L) conditions, insulin (100 nmol/L) or 
.glutamine (10 mmol/L), dynein binding, gibberelin, XCHOl (kinesin-like protein), 
lysophosphaadic acid, lithium ion, plant cell wall components (e.g., poly-L-lysine and 
extensin), glycerol buffers, Triton X-iOO microtubule stabilizing buffer, microtubule 
associated proteins (eg.. MAP2, MAP4, tau, big tau, ensconsin, elongation factor- 1- 

15 alpha (EF-la) and E-MAP-l 15), cellular entities (t.g. historic HI, myelin bask protein 
and kinetochores), endogenous microtubular structures (e.g., axonemal structures, plugs 
and OTP caps), stable tubule only polypeptide (t.g. STOP 145 and STOP220) and 
tension from mitotic forces, as well as any analogues and derivatives of any of the 
above. Such agents may, within certain embodiments, be delivered as a composition 

20 along with a polymeric carrier, or in a liposome formulation as dis cu ss ed in more detail 
both above and below. Within certain embodiments of the invention, the agents or 
compositions may be administered orally, intravenously, or by direct administration 
(preferably with ultrasound, CT, fluoroscopic, MRI or endoscopic guidance) to the 

25 Aa effective anfi-microtubulc therapy for muhipie sclerosis will 

^. ^ piirii one or most of the following: decrease the severity of symptoms; decrease 
the duration of disease exacerbations; increase the frequency and duration of disease 
remissoo/sympemn-fite periods; prevent fixed impairment and disability; and/or 
prevent/attenuate chronic progression of the disease. Clinically, tma would result in 

30 iinprovement in visual symptoms (visual loss, diplopia), gait disorders (weakness, axial 
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instability, sensory loss, spasticity, hyperreflexia, loss of dexterity), upper extremity 
dysfimction (weakness, spasticity, sensory loss), bladder dysfunction (urgency, 
incontinence, hesitancy, incomplete emptying), depression, emotional lability, and 
cognitive iinpairmenL Pathologically the treatment reduces one or more of the 
5 following, such as myelin loss, breakdown of the blood-brain barrier, perivascular 
infiltration of mononuclear cells, immunologic abnormalities, gliotic scar formation and 
astrocyte proliferation, metalloproteinase production, and impaired conduction velocity. 

The ann -microtubule agent can be administered in any manner to 
achieve the above endpoints. However, preferred methods of administration include 

10 intravenous, oral, or subcutaneous, intramuscular or intrathecal injection. The anti- 
micro tubule agent can be administered as a chronic low dose therapy to prevent disease 
progression, prolong disease remission, or decrease symptoms in active disease. 
Alternatively, the therapeutic agent can be administered in higher doses as a "pulse" 
therapy to induce remission in acutely active disease. The minimum dose capable of 

IS achieving these endpoints can be used and can vary according to patient, severity of 
disease, formulation of the administered agent, and route of administration. For 
example, for pa c litax e l, systemic chronic low dose therapy can be administered 
continuously at 10-50 mg/m 3 of paclita xd every M weeks depending upon therapeutic 
response; systemic high dose "pulse" therapy can be administered at S0-2S0 mg/m J 

20 every 1-21 days for 1-6 cycles. Other anti-mkrotubule agents can be administered at 
equivalent doses adjusted for the potency and tolerability of the agent 

3. 4ffefck 

faflsan utery arthritis is a serious hearth problem in developed 
countries, particularly given the increasing number of aged individuals. For example, 

25 one form of inflammatory arthritis, rheumatoid arthritis (RA) is s multisystem chronic, 
relapsing, inflammatory disease of unknown cause. Although many organs can be 
affected, RA is basically a severe form of chronic synovitis that s om etimes leads to 
destruction and ankylosis of affected joints {Rabbins Pathological Boris of Dittos*, by 
R.S. Cotnn, V. Kumar, and SX. Robbins, W.B. Saunders Co., 1989). Pathologically 

30 the disease is characterized by a marked thickening of the synovial membrane which 



(0 1999 Copyright Derwent Information 



W0WO4437 



40 



PCT/CA97AM910 



forms villous projections Out extend into the joint spice, multiiayermg of the 
synoviocyte lining (synoviocyte proliferation), infiltration of the synovial membrane 
with white blood cells (inaaophages, lymphocytes, plasma cells, and lymphoid 
follicles; called an "inflammatory syiwvitis'X and deposition of florin with cellular 
5 necrosis within the synovium. The tissue formed .as a result of this process is called 
pannus and eventually the pannus grows to fill the joint space. The pannus develops an 
extensive network of new blood vessels through the process of angiogenesis which is 
essential to the evolution of the synovitis. Release of digestive enzymes (matrix 
metailoproteinases (e.g., collagenase, jtromelysin)) and other mediators of the 

10 inflammatory process (t.g., hydrogen peroxide, superoxides, lysosomal enzymes, and 
products of arachadonic acid metabolism) from the cells of the pannus ti ssue leads to 
the progressive destruction of the cartilage tissue. The pannus invades the articular 
cartilage leading to erosions and fragmentation of the cartilage tissue. Eventually there 
is erosion of the subchondral bone with fibrous ankylosis and ultimately bony 

1 5 ankylosis, of the involved joint. 

It is generally believed, but not conclusively proven, that RA is an 
autoimmune disease! and that many different arthrogenic stimuli activate the immune 
response in the immunogenetically susceptible host Both exogenous infectious agents 
(Ebstein-Barr virus, rubella virus, cytomegalovirus, herpes virus, human T-cell 

20 lymphotropic virus. Mycoplasma, and others) and endogenous proteins (collagen, 
proteoglycans, altered immunoglobulins) have been implicated as the causative agent 
which triggers an inappropriate host immune response. Regardless of the inciting agent, 
aumtmamnty plays a rota in the progression of the disease. In particular, the relevant 
antifan is infested by antigen-presenting cells (macrophages or dendritic cells in the 

25 synovial membrane), processed, and presented to T lymphocytes. The T cells initiate a 
ceUular immune response and stimulate the proliferation and differentiation of B 
lymphocytes into plasma cells. The end result is the production of an excessive 
inappropriate immune response directed against the host tissues (*.*, antibodies 
directed against type II collagen, antibodies directed against the Fc portion of 

30 autologous IgO (called 'Rheumatoid Factor*)). This further amplifies the immune 
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response and hastens the destruction of the cartilage tissue. Once this cascade is 
initiated numerous mediators of cartilage destruction are responsible for the progression 
of rheumatoid arthritis. 

TTius, within one aspect of the present invention, methods are provided 
for treating or preventing inflammatory arthritis («.*, rheumatoid arthritis) comprising 
the step of administering to a patient a therapeutically effective amount of an anu- 
raicrotubuie agent. Inflammatory arthritis includes a variety of conditions including, 
but not limited to, rheumatoid arthritis, systemic lupus erythematosus, systemic 
sclerosis (scleroderma), mixed connective tissue disease, Sjogren's syndrome, 
ankylosing spondylitis, Behcet's syndrome, sarcoidosis, and osteoarthritis - all of which 
feature inflamed, painful joints as a prominent symptom. Within a preferred 
embodiment of the invention, anti-micro tubule agents may be adrninistered directly to a 
joint by intm*aracular injection, as a surgical paste, or administered by moth er route, 
e.g., systernically or orally. 
15 Suitable anti-micro tubule agents are discussed in detail above, and 

include, for example, taxanes («.&. paclitaxet and docetaxel), campothecin, eleutherobin, 
sarcodictyins, epothilones A and B, discodermolide, deuterium oxide (D 2 0), hexylene 
glycol (2-methyl-2,4^entanediol) ( tubercidin (7-deazaadenorine), LY2901 81 (2-arjuno- 
4^3-pyridyiHH-oanhtho( 1 ^)pyran-3<ardonitriIe), aluminum fluoride, ethylene 
20 glycol bisKsucciiumidylsuccinatt), glycine ethyl ester, moaodonal antt-tdiotypic 
antibodies, microtubule assembly promoting protein (taxol-like protein, TAL?\ cell 
swelling induced by hypotonic (190 mosmol/L) conditions, insulin (100 nmol/L) or 
gtutammo (10 mmol/LX dyntin binding, gibberelin, XCHOl (kinesin-Uke protein), 
ly s op hntphatirfic add, lithium ion, plant cell wall components (eg., poly-L-lyiinc and 
25 extensm), glycerol buffers, Triton X-100 microtubule stabilizing buffer, microtubule 
associated proteins (e,g t MAP2, MAP4, tan, big tan, entconsin, elongation factor- 1- 
alpha (EF-la) and E-MArM 15), cellular entities (e.g.. histont HI, myelin basic protein 
and tinetochores), endogenous microtubular structures (e.g., txonemal structures, plugs 
and GTP caps), stable tubule only polypeptide (e.g., STOP 1 45 and STOP220) and 
30 tension from mitotic forces, as well as any anal gues and derivatives of any of the 
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above. Such agents may, within certain embodiments, be delivered as a composition 
along with a polymeric carrier, or in a liposome formularion as discussed in more detail 
both above and below. Within certain embodiments, the anri-microtubuie agent is an 
agent other than a paclitaxel, campothecin, or an epothilone. 

An effective anti-micro tubule therapy for inflammatory arthritis will 
accomplish one or more of the following: (i) decrease the severity of symptoms (pain, 
swelling and tenderness of affected joints; morning stifmess, weakness, fatigue, 
anorexia, weight loss); (ii) decrease the severity of clinical signs of the disease 
(thickening of the joint capsule, synovial hypertrophy, joint eflusion, soft tissue 
contractures, decreased range of motion, ankylosis and fixed joint deformity); (iii) 
decrease the extra-articular manifestations of the disease (rheumatic nodules, vasculitis, 
pulmonary nodules, interstitial fibrosis, pericarditis, episcleritis, iritis, Feity's 
syndrome, osteoporosis); (iv) increase the frequency and duration of disease 
remission/symptom- free periods; (v) prevent fixed impairment and disability; and/or 
15 (vi) prevent/attenuate chromic progression of the disease. Pathologically, an effective 
anri-micro tubule therapy for inflammatory arthritis will produce at least one of the 
following: (i) decrease the inflammatory response, (it) disrupt the activity of 
inflammatory cytokines (such as IL-1, TNFa, FGF, VEGF), (iii) inhibit synoviocyte 
proliferation, (iv) block matrix metsiloprotetnase activity, and/or (v) inhibit 
20 angiogentsis. An anri-rmcrotubule agent will be administered systemicalJy (orally, 
intravenously, or by intramuscular or s ub c utan eous injection) in the minimum dose to 
achieve the above mentioned results. For patients with only a small number of joints 
affected, or with disease mote prominent in a limited number of joints, the ami- 
microtubule agent can be directly injected (intraarticular injection) into the affected 
25 join* 

4. tmnltmii and nrrical or mtdical divitxs. indudtnw stMS and ggftt 
A variety of implants, surgical devices or stents, may be coated with or 
otherwise constructed to contain and/or release any of the amwnicrotubule agents 
provided herein. Representative examples include cardiovascular devices 
30 implantable venous catheters, venous ports, tunneled venous catheters, chronic infusion 
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line, or ports, including hepatic artery infusion catheters, pacemaker wires, implantable 
defibrillators); neurolopc/ncurosurgicaj devices («.*, ventricular peritoneal shunts, 
ventricular atrial shunts, nerve stimulator devices, dura] patches and implants to preveni 
epidural fibrosis post-lanrinectomy, devices for continuous subarachnoid iiifusions); 
gastrointestmai devices (e.g., chronic indwelling catheters, feeding tubes, portosystemic 
shunts, shunts for ascites, peritoneal implants for drug delivery, peritoneal dialysis 
catheters, implantable meshes for hernias, suspensions or solid implants to prevent 
surgical adhesions, including meshes); genitourinary devices (e.g., uterine implants, 
including intrauterine devices (IUDs) and devices to prevent endometrial hyperplasia, ' 
fallopian tubal implants, including reversible sterilization devices, fallopian tubal stents, 
artificial sphincters and periurethral implants for incontinence, ureteric stents, chronic 
indwelling catheters, bladder augmentations, or wraps or splints for vasovasostomy); 
ophthalmologic implants (e.g., multino implants and other implants for neo vascular 
glaucoma, drug during contact lenses for pterygiums, splints for failed 
dacrocystalrhinostomy , drug during contact lenses for corneal neovascularity, implants 
for diabetic retinopathy, drug during contact lenses for high risk corneal transplants); 
otolaryngology devices (<.g, ossicular implants. Eustachian tube splints or stents for 
glue ear or chronic otitis as an alternative to transtempanic drains); plastic surgery 
implants (e.g. , prevention of fibrous contracture in response to gel* or saline-containing 
breast implants is the subpectoral or subglandular approaches or post-mastectomy, or 
chin implants), and orthopedic implants (if., cemented orthopedic prostheses). 

Suitable snri-microtubale agents ire discussed in detail above, and 
include for example, taxancs (e.g.. pacUtaxd and docetaxd), campothecin, eleutherobin, 
samdkryina, epothilones A and B, olseodermolide, deuterium oxide (D,0), hexylene 
25 glycol (2nnethyl-2,4^wstanediol), tuberridin (7Hkaxaadenorine), LY290I81 (2-amino- 
4^3^ryridyiHH-rapteho( 1 ^b)pyrin-3<arcbmtriJeX dummum fluoride, ethylene 
glycol bisKsucammidylfuccinateX glycine ethyl ester, monodonal arri-idiotypic 
antibodies, microtubule assembly promoting protein (texol-Uke protein, TALP), cell 
swelling induced by hypotonic (190 mosmol/L) conditiona, insulin (100 nmoI/L) or 
glutamine (10 ramol/L), dynem binding, gibberdin, XCHOl (kmesin-lika protein), 



20 



30 



(C) 1 999 Copyright Derwent Infonnatiori Ltd. 



WOtt/24427 



44 



PCr/CATT/OHlD 



lysophosjjhatidic acid, lithium ion, plant cell wall components (e.*. poly-L-lysine and 
extensin), glycerol buffers, Triton X-100 microtubule stabilizing buffer, microtubule 
associated proteins (e.g., MAP2, MAP4, tau, big tau, ensconsin, elongation factor- 1- 
alpha (EF-la) and E-MAP-1 15). cellular entities (e.g., hiitone HI, myelin basic protein 
5 and kinetochores), endogenous microtubular structures (eg., axonemil structures, plugs 
and OTP caps), stable tubule only polypeptide (e.g., STOP145 and STOP220) and 
tension from mitotic forces, as well as any analogues and derivatives of any of the 
above. Such agents may, within certain embodiments, be delivered as a composition 
along with a polymeric carrier, or in a liposome formulation as discussed in more detail 

1 0 both above and below. Within certain embodiments (e.g. in the case of stents), the anti- 
microtubule agent is an agent other than a paclitaxei, campothecin, or an epothilone. 

Implants and other surgical or medical devices may be coated with (or 
otherwise adapted to release) anti -microtubule compositions or anti-micro tubuJe factors 
of the present invention in a variety of manners, including for example: (a) by directly 

15 affixing to the implant or device an anti-nucrotubule agent or composition (e.g., by 
either spraying the implant or device with a polymer/drug film, or by dipping the 
implant or device into a polymer/drug solution, or by other covalent or noncovalent 
means); (b) by coaling the implant or device with a substance such as a hydro gel which 
will in turn absorb the anti- microtubule composition (or anti -microtubule factor above); 

20 (c) by interweaving anti-microtuoule composition coated thread (or the polymer itself 
formed into a thread) into the implant or device; (d) by inserting the implant or device 
into a sleeve or mash which is comprised of or coated with an anti-microtubule 
composition; (a) co n s tr uc tin g the implant or device itself with an anti-microtubuls agent 
or co mpo siti on; or (Q by otherwise adapting the implant or device to release the anti- 

25 microtubule agent Within preferred embodiments of the invention, the composition 
should firmly adhere to the implant or device during storage and at the time of insertion. 
The anti-microtubuie agent or composition should also preferably not degrade during 
storage, prior to insertion, or when warmed to body temperature ate insertion inside 
the body (if this is required). In addition, it should preferably coat the implant or device 

30 smoothly and evenly, with a uniform distribution of anti-microtubule agent, while not 
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changing the stent contour. Within preferred embodiments of the invention, the ann- 
microtubuie agent or composition should provide a uniform, predictable, prolonged 
release of the anti-micro tubule factor into the tissue surrounding the implant or device 
once it has been deployed For vascular stents, in addition to the above properties, the 
5 composition should not render the stent thrombogenic (causing blood clots to form), or 
cause significant turbulence in blood flow (more than the stent itself would be expected 
to cause if it was uncoated). 

In the case of stents, a wide variety of stents may be developed to 
contain and/or release the anti-oucrotubule agents provided herein, including 

10 esophageal stents, gastrointestinal stents, vascular stents, biliary stents, colonic stents, 
pancreatic stents, ureteric and urethral stents, lacrimal stents, Eustachian tube stems, 
fallopian tube stents and tracheal/bronchial stents. Stents may be readily obtained from 
commercial sources, or constructed in accordance with well-known techniques. 
Representative examples of stents include those described in US. Patent No. 4,768,523, 

15 entitled "Hydrogd Adhesive"; U.S. Patent No. 4,776337, entitled "Expandable 
Intraluminal Graft, and Method and Apparatus for Implanting and Expandable 
Intraluminal Graft"; U.S. Patent No. 5,041,126 entitled "Endovascular Stent and 
Delivery System"; U.S. Patent No. 5,032,991 entitled* "Indwelling Stem and Method of 
Use"; U.S. Patent No. 5,064,435 entitled "Self-Expanding Prosthesis Having Stable 

20 Axial Length"; U.S. Patent No. 5,019,606, entitled "Water-insoluble Polysaccharide 
Hydrogei Foam for Medical Applications"; U.S. Patent No. 5,147,370, entitled "Nitinoi 
Stent for Hollow Body Conduits"; US. Patent No. 5,176,626, entitled "Indwelling 
Stent"; US. Patent No, 5,213,580. entitled "Biodegradable Polymeric Endoluminal 
Sealing Process"; tad US. Patent No, 5 ,32S,47l, entitled "Method and Apparatus for 

25 Treatment of Focal Disease in Hollow Tubular Organs and Other Tissue Lumens/ 

Whhm other aspects of the present invention, methods are provided for 
expanding the lumen of a body passageway, comprising inserting a stent into the 
passageway, the stent having a generally tubular structure, the surface of the structure 
being coated with (or otherwise adapted to release) an antwnicrotubule composition (or, 

30 an anti -microtubule factor alone), such that the passageway is expanded. A variety of 
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embodiments are described below wherein the lumen of a body passageway is expanded 
in order to eliminate a biliary, gastrointestinal, esophageal, tracfaeal/btonemal urethral 
or vascular obstruction. 

Generally, stents are inserted in a similar fashion regardless of the site or 
the disease being treated Briefly, a prtinsertion examination, usually a diagnostic 
imaging procedure, endoscopy, or direct visualization at the time of surgery, is 
generally first^ performed in order to determine the appropriate positioning for stent 
insertion. A guidewire is then advanced through the lesion or proposed site of insertion, 
and over this is passed a delivery catheter which allows a stem in its collapsed form to 
be inserted. Typically, stems are capable of being compressed, so that they can be 
inserted through tiny cavities via small catheters, and then expanded to a larger diameter 
once they are at the desired location. Once expanded, the stent physically forces the 
walls of the passageway apart and holds them open. As such, they are capable of 
insertion via a small opening, and yet are still able to hold open a large diameter cavity 
15 or passageway. The stent may be self-expanding (e.g., the Wallstent and Oianrurco 
stents), balloon expandable (eg, the Patmaz stent and S trecker stent), or implanted by a 
change in temperature (e.g., the NItinol stent). 

Stents are typically maneuvered into place under radiologic or direct 
visual control, taking particular care to place the stem precisely across the narrowing in 
20 the organ being treated. The delivery catheter is then removed, leaving the stent 
standing on its own as a scaffold. A post-insertion *»ntm— "m, usually an x-ray, is 
often utilized to confirm appropriate positioning. 

Within a preferred embodiment of the invention, methods are provided 
tor etomating biliary obstructions, comprising inserting a biliary stent into a biliary 
25 passageway, the stem having a generally tubular structure, the surface of the structure 
being coated with (or otherwise adapted to release) an an agent or composition as 
described above, such that the biliary obstruction is eliminated Briefly, tumor 
overgrowth of the common bile duct results in progressive cholestatic jaundice which is 
incompatible with life. Generally, the biliary system which drains bile from the liver 
30 into the duodenum is most often obstructed by (1) a tumor c om po s ed of bile duct ceils 



(O 1999 Copyright Derwent Information 



WOMOU37 



47 



PCT/CA*7/O0f|# 



(choIiagiocarcinoiM), (2) a tumor which invades the bile duct (e.g., pancreatic 
carcinoma), or (3) a tumor which exerts extrinsic pressure and compresses the bile duct 
(e.g.. enlarged lymph nodes). 

Both primary biliary tumors, as well as other tumors which cause 
5 compression of the biliary tree may be treated utilizing the stents described herein. One 
example of primary biliary tumors are adenocarcinomas (which are also called Klatskxn 
tumors when found at the bifurcation of the common hepatic duct). These tumors are 
aiso referred to as biliary carcinomas, chole4ocholar^ocarcinomas, or 
adenocarcinomas of the biliary system. Benign tumors which affect the bile duct (e.g., 
1 0 adenoma of the biliary system), and, in rare cases, squamous cell carcinomas of the bile 
duct and adenocarcinomas of the gallbladder, may also cause compression of the biliary 
tree and therefore, result in biliary obstruction. 

Compression of the biliary tree is most commonly due to tumors of the 
liver and pancreas which compress and therefore obstruct the ducts. Most of the tumors 
15 from the pancreas arise from cells of the pancreatic ducts. This is a highly fatal form of 
cancer (5% of ail cancer deaths; 26,000 new cases per year in the U.S.) with an average 
of 6 months survival and a I year survival rate of only 10%. When these tumors are 
located in the head of the pancreas they frequently cause biliary obstruction, and this 
detracts significantly from the quality of lift of the patient While all types of 
20 pancreatic tumors are generally referred to as "carcinoma of the pancreas'' there are 
histologic subtypes including; adeaocareinoma, adenosquamous carcinoma, cystadeno- 
carcinoma, and acinar cell carcinoma. Hepatic tumors, as discussed above, may also 
cause compression of the biliary tree, and therefore cause obstruction of the biliary 
ducts. 

25 Within one embodiment of the mvenoon, a biliary stent is first inserted 

into a biliary passageway in one of several ways: from the top end by inserting a aeedle 
through the abdominal wall and through the liver (a percutaneous transhepatic 
cholangiograa or "PTC*); from the bottom end by cannulatmg the bile duct through an 
endoscope inserted through the mourn, stomach, and duodenum (an endoscopic 

30 retrograde cholangiogram or "ERCP"); or by direct incision during a surgical procedure. 
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A preinsertion examination, PTC, ERCP, or direct visualization at the time of surgery 
should generally be performed to determine the appropriate position for stent insertion. 
A guidewire is then advanced through the lesion, and over this a delivery catheter is 
passed to allow the stem to be mserted in its collapsed form. If the diagnostic exam was 
a PTC, the guidewire and delivery catheter is inserted via the abdominal wail, while if 
the original exam waa an ERCP the stent may be placed via the mouth. The stent is 
then positioned under radiologic endoscopic, or direct visual control taking particular 
care to place it precisely across the narrowing in the bile duct Tne delivery catheter is 
then removed leaving the stent standing as a scaffolding which holds the bile duct open.' 
A runner cholangiogram may be performed to document that the stent is appropriately 
positioned. 

Within yet another embodiment of the invention, methods are provided 
for diniinating esophageal obstructions, cotnnrising inserting an esophageal stent into 
an esophagus, the steal having a generally tubular structure, the surface of the structure 
being coated with (or otherwise adapted to release) an antumcrotubule agent or 
composition as described above, such that the esophageal obstruction is eliminated. 
Briefly, the esophagus is the hollow tube which transports food and liquids from the 
mouth to the stomach. Cancer of the esophagus or invasion by cancer arising in 
adjacent organs (#.$, cancer of the stomach or lung) results in the inability to swallow 
20 food or saliva. Within this embodiment, a premscrtion examination, usually a barium 
swallow or endoscopy should generally be performed in order to determine the 
appropriate position for stent insertion. A catheter or endoscope may then be positioned 
through the mouth, and a guidewire is advanced through the blockage. A stent delivery 
catheter is paaaad over the guidewire under radiologic or endoscopic control, and a stent 
25 is placed precisely toots the narrowing in the esophagus. A post-insertion 
ewnrinttfcWr usually a barium swallow x-ray, may be utilized to confirm appropriate 
positioning. 

Within yet another embodiment of the invention, methods are provided 
for eliminating colonic obstructions, comprising inserting a colonic stent into a colon, 
30 the stent having a generally tubular structure, the surface of the structure being coated 
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with (or otherwise adapted to release) an anu-nucrotubule agent or composition as 
described above, such chat the colonic obstruction is eliminated. Briefly, the colon is 
the hollow tube which transports digested food and waste materials from the small 
intestines to the anus. Cancer of the rectum and/or colon or invasion by cancer arising 
in adjacent organs (e.g., cancer of the uterus, ovary, bladder) results in the inability to 
eliminate feces from the bowel. Within this embodiment, a preinsertion examination, 
usually a barium enema or colonoscopy should generally be performed in order to 
determine the appropriate position for stent insertion. A catheter or endoscope may 
then be positioned through the anus, and a guidewire is advanced through the blockage. 
A stent delivery catheter is passed over the guidewire under radiologic or endoscopic 
control, and a stent is placed precisely across the narrowing in the colon or rectum. A 
post-insertion examination, usually a barium enema x-ray, may be utilized to confirm 



Within other embodiments of the invention, methods are provided for 
el imin a ting tracheal/bronchial obstructions, comprising inserting a tracheal/bronchial 
stem into the trachea or bronchi, the stent having a generally tubular structure, the 
surface of which is coated with (or otherwise adapted to release) an anti-microtubule 
agent or composition as described above, such that the* tracheal/bronchial obstruction is 
eliminated. Briefly, the trachea and bronchi are tubes which cany air from the mouth 
and nose to the lungs. Blockage of the trachea by cancer, invasion by cancer arising in 
adjacent organ* (eg., cancer of the lung), or collapse of the trachea or bronchi due to 
chondromalacia (weakening of the cartilage rings) results in inability to breathe. 
Within this embodiment of the invention, preusertioo usually an 

endoscopy, should generally be performed in order to determine the appropriate 
position for stent insertion. A catheter or endoscope is then positioned through the 
mouth, and • guidewire advanced through the blockage. A delivery catheter is then 
pasted over the guidewire in order to allow a collapsed stent to be inserted. The stent is 
placed under radiologic or endoscopic control in order to place it precisely across the 
narrowing. The delivery catheter may then be removed leaving the stent standing u a 
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scaffold on its own. A post-insertion examination, usually a bronchoscopy may be 
utilized to confirm appropriate positioning. 

Within another embodiment of the invention, methods are provided for 
eliminating urethral obstructions, comprising inserting a urethral stent into a urethra, the 
stent having a generally tubular structure, the surface of the structure being coated with 
(or otherwise adapted to release) an anti-micro tubule agent or conuraition as described 
above, such that the urethral obstruction is eliminated Briefly, the urethra is the tube 
which drains the bladder through the perus. Extrinsic narrowing of the urethra as it 
passes through the prostate, due to hypertrophy of the prostate, occurs in virtually every 
man over the age of 60 and causes progressive difficulty with urination. Within this 
embodiment, a preinsertion examination, usually an endoscopy or iimhrogram should 
generally first be performed in order to determine the appropriate position for stent 
insertion, which is above the external urinary sphincter at the lower end, and close to 
flush with the bladder neck at the upper end. An endoscope or catheter is then 
positioned through the penile opening and a guidewire advanced into the bladder. A 
delivery catheter is then passed over the guidewire in order to allow stent insertion. The 
delivery catheter is then removed, and the stent expanded into place. A post-insertion 
examination, usually endoscopy or retrograde urethrogram, may be ^ confirm 
appropriate position. , 

Within another embodiment of the invention, methods art provided for 
el imin a ting vascular obstructions, comprising inserting a vascular stem into a blood 
vessel, the stent having a generally tubular structure, the surface of the structure being 
coated with (or otherwise adapted to release) an aiin-oiicrotubule agent or composition 
as daacrihad above, men that me vascular ******** i« eliminated Briefly, stents may 
25 be placed in a wide array of blood vessels, both arteries and veins, to prevent recurrent 
at the sits of tailed angioplasties, to treat narro wings that would likely rail if 
with angioplasty, and to treat post-surgical narrowings (e.g., dialysis graft 
t). Representative examples of suitable sites include the iliac, renal, and 
coronary arteries, the superior vena cava, and in dialysis grafts. Within one 
30 embodiment, angiography is first performed in order to localize the site for placement 
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of the stot This is typically accomplished by injecting radiopaque contrast through • 
catheter inserted into an artery or vein as an x-ray is taken. A catheter may then be 
inserted either percutaneously or by surgery into the femoral artery, brachial artery, 
. femoral vein, or brachial vein, and advanced into the appropriate blood vessel by 
steering it through the vascular system under fluoroscopic guidance. A stem may then 
be positioned across the vascular stenosis. A post-insertion angiogram may also be 
utilized in order to confirm appropriate positioning. 

A commonly used animal model for the study of restenosis is the rat 
carotid artery model in which the common carotid artery is denuded of endothelium by 
the intraluminal passage of a balloon catheter introduced through the external carotid 
artery (Clowes et aL, lab. Invest. 49(2) 208-215, 1 983). At 2 weeks, the carotid artery is 
markedly narrowed due to smooth muscle cell constriction, but between 2 and 12 weeks 
the intimal doubles in thickness leading to a decrease in luminal size. 



itorvBowl Dis*as* 

15 Utilizing the agent, compositions and methods provided herein, a wide 

variety of i nfl a mmat ory diseases of the bowel can be treated or prevented, 
[nilammatory bowel disease is a general term for a group of chronic inflammatory 
disorders of unknown etiology involving the gastrointestinal tract Chronic EBD is 
divided into 2 groups: ulcerative colitis and Crohn's disease. In Western Europe and the 

20 United States, ulcerative colitis has an incidence of 6 to 8 cases per 1 00,000. 

White the cause of the disease remains unknown, genetic infectious, 
immunological and psychological motors have all been proposed as causative. In 
ulcerative colitis, there is an inflammatory reaction involving the colonic mucosa 
leading to ulcerations of the surface. Neutrophil infiltration is common and repeated 

25 inflammator y episodes lead to fibrosis and shortening of the colon, With longstanding 
ulcerative colitis, the surface epithelium can become dysplastic and ultimately 
malignant Crohn's d isease is characterized by chronic in flajpnafion extending through 
all layers of the intestinal walL As the disease progresses, the bowel becomes thickened 
and stenosis of the lumen occurs. Ulceration of the mucosa occurs and the ulcerations 

30 can penetrate the submucosal and muscularis to form fistulas and i 
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Anti-inicrotubule agents can be used to treat inflammatory bowel disease 
in several manner,. In particukr, the ^microtubule agent can be administered to the 
site of inflammation (or a potential site of iiiflammation). in order to treat the disease. 
. Suitable anti-rnicrotubule agents are discussed in detail above, and include for example, 
5 taxanes («.*, paclhexei and docetaxel), campothecin, eieuthexobin, sarcodicryins. 
epothilones A and B, discodermoiide, deuterium oxide (D,0), hexylene glycol (2- 
memyl.2,4.pentanediol), tubercidin (7^kaza*tenosiae), LY290181 (2.amim>4-<3. 
pyndylMH-nanhtho^ ahiminum fluoride, ethylene glycol 

bisKsuccmum^ g i ycm e ethyl ester, monoclonal and r idior^ic antibodies, 

microtubule assembly promoting protein (taxoWike protein, TALP), cell swelling 
induced by hypotonic (190 mosmol/L) conditions, insulin (100 nmol/L) or glutamine 
(10 mmol/l), dynein binding, gibberelin. XCHOl (kinesia-like protein), 
lysophosphati'dic acid, lithium ion, plant cell wall components («.*. poly-Uysine and 
extensin), glycerol buffers, Triton X-100 microtubule stabilizing buffer, microtubule 
associated proteins <«.*. MAF2, MAP4, tan, big tau, enscoiutin, elongation factor- 1- 
alpha (EF-la) and E-MAJM 15), cellular entities (e.g., histone HI, myelin basic protein 
and kmetochores), endogenous microtubular structures («.*. axonemal structures, plugs 
and OTP cape), stable tubule only polypeptide (*.*.' STOP 145 and STOP220) and 
tension from mitotic forces, as well as any analogues and derivatives of any of the 
above. Such agents may, within certain embodiments, be delivered as a composition 
along with a polymeric canter, or in a liposome formulation as discussed in more detail 
both above and below. * 

The ideal model for the study of IBD should be a naturally occurring or 
indudWe animal disease that is virtually identical to human disease. Presently, there 
are only two naturally occurring models, both in primate species* of intestinal 
infl as miuttion hi which no causal organism has been found. The first, the cotton-top 
tamaria, has a high prevalence of spontaneous colitis not associated with identifiable 
pathogens and, as in humans, the activity of the disease process spontaneously waxes 
and wanes (Madam et al, Gastrotntmloty S*13-I9. 1985). Another spontaneous 
30 chronic colitis also ocean in juvenile rhesus macaques (Adler et ai„ Gastroenterology 
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PJ.A436. 1990). There are many experimentally induced colitis animal models. In 
mice, rats, guinea pigs and rabbits, colitis can be induced by oral administration of 
sulfated polysaccahdes (carrageenan amylopectin sulfate, dextran sulfite) (Marcus and 
Watt, Lancer i:489-490, 1969), rectal injection of chemical irritants (diluted acetic acid) 
5 (MacPherson and Pfeiffer. Digestion 77:135-150, 1978) and delayed hypersensitivity 
reaction to dinitrochlorobenzene (Glick and Faichuk., Gut 22:120-125, 1981) or 
trimtrobenzene sulfonic acid (Rabin and Rogers, Gastroenterology 75:29-33, 1978). 

As there are no pathogenoraic features or specific diagnostic tests for 
IBD, effectiveness of an anti-micro tubule agent in the management of the disease is 
10 determined clinically. An effective anti-nucrotubule therapy for IBD will achieve at 
least on of the following: decrease the frequency of attacks, increase the amount of time 
spent in remission (U. periods when the patient is symptom-free) and/or decrease the 
severity or duration of associated manifestations (abscess formation, fistula formation, 
colon cancer, intestinal perforation, intestinal obstruction, toxic megacolon, peripheral 
15 arthritis, ankylosing spondylitis, cbolelimiasts, sclerosing cholangitis, cirrhosis, 
erythema nodosum, iritis, uveitis, episcleritis, venous thrombosis). Specifically 
symptoms such as bloody diarrhea, abdominal pain, fever, weight loss, rectal bleeding, 
tenesmus and abdominal distension will be reduced or alleviated. 

The anti-rrucrotubule agent can be administered in any manner to 
20 achieve the above endpoints, but preferred methods include oral, rectal or peritubular 
administration (preferably with ultrasound. CT, fluoroscopic, MRI or endoscopic 
guidance; this can also be accomplished by direct administration at the time of 
abdominal surgery). In some patients, intravenous, subcutaneous or intramuscular 
injection of the agent can also be used to treat the disease. In patients with widespread 
25 or ex t raint e stin al symptoms, systemic treatment (e.g. oral, intravenous, subcutaneous, 
intramuscular injection) is appropriate. In a preferred embodiment, paclitaxd can be 
administered orally at a dose of 10 to 75 mg/m 2 every 1 to 4 weeks depending upon 
therapeutic response and pattest tolerance. To treat severe acute exacerbations, higher 
doses given orally (or intravenously) of 50 to 250 rng/m 2 of pactitaxd can be 
30 administered as a "pulse" therapy. In patients with localised rectal disease (die rectum 
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is involved in 95% of ulcerative colitis patients), topical paciitaxei can be administered 
as a rectal cream or suppository. For example, a topical cream containing 0.01% to 
10% paciitaxei by weight can be adnunistered depending upon severity of me disease 
and the patient's response to treatment In a preferred embodiment, a topical 
5 preparation containing 0,1% to 1% paciitaxei by weight could be administered per 
rectum daily as needed. Peritubular paciitaxei {Le., admimstraiion of the drug to the 
outer or mesenteric surface of the bowel) can be administered to regions of the bowel 
with active disease. In a preferred embodiment, 0.5% to 20% paciitaxei by weight is 
loaded into a polymeric carrier (as described in the examples) and applied to the 
10 mesenteric surface as a "paste", "film" or "wrap which releases the drug over a period of 
time. In ail of the embodiments, other anti-micro tubule agents would be adminis tered 
at equivalent doses adjusted for potency and tolerability of the agent 

6. f SurztCQtvmttoru 

As noted above, anti-microtubule agents and compositions may be 

15 utilized in a wide variety of surgical pnx*dures. For example, within one aspect of the 
present invention an anti-mi crotubule agent or composition (in the form oC for examp le, 
a spray or film) may be utilized to coat or spray an area' prior to removal of a tumor, in 
order to isolate normal surrounding tissues from malignant tissue, and/or to prevent the 
spread of disease to surrounding tissues. Within other aspects of the present invention, 

20 ann-microtubule agents or compositions (#.*., in the form of a spray) may be delivered 
via endoscopic procedures in order to coat tumors, or inhibit disease in a desired locale, 
Whhm yet other aspects of the present invention, surgical meshes which have been 
coated with or adapted to release anti-nucrotubule agents or compositions of the present 
invention may be utilized in any procedure wherein a surgical mesh might be utilized. 

25 For example, withm one embodiment of the invention a surgical mesh laden with an 
*mti*microtub i ole composition may be u&hzed during abdominal cancer resection 
surgery (*.#., subsequent to colon resection) in order to provide support to the structure, 
and to release an amount of the ann-microtubule factor. 

Within further aspects of the present invention, methods are provided for 

30 treating tumor excision sites, comprising administering an tnti-microtnbule agent or 
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composition as described above to the resection margins of a tumor subsequent to 
excision, such that the local recurrence of cancer at the site is inhibited. Within one 
embodiment of the invention, the anti-microtubule compositions) (or anti-microtubuie 
factors) alone) are administered directly to the tumor excision site (e.g., applied by 
5 swabbing, brushing or otherwise coaling the resection margins of the tumor with the 
anti-microtubuie compositions) or factors)). Alternatively, the anti-nucrotubule 
compositions) or factors) may be incorporated into known surgical pastes prior to 
administration. Within particularly preferred embodiments of the invention, the anti- 
microtubule compositions are applied after partial mastectomy for malignancy, and 

10 after neurosurgical operations. 

Within one aspect of the present invention, anti-microtubule agent or 
composition (as described above) may be administered to the resection margin of a 
wide variety of tumors, including for example, breast, head and neck tumors, colon, 
bnin and hepatic tumors. For example, within one embodiment of the invention, anti- 

15 rmoonibute agents or compositions may be administered to the site of a neurological 
tumor subsequent to excision, such that recurrence of the tumor is inhibited. Briefly, 
the brain is highly functionally localized; U., each specific anatomical region is 
specialized to carry out a specific function. Therefore it is the location of brain 
pathology that is often more important than the type. A relatively small lesion in a key 

20 area can be far more devastating than a much larger lesion in a less important area. 
Similarly, a lesion on the surface of the brain may be easy to resect surgically, while the 
same tumor located deep in the brain may not (one would have to cut through too many 
vital structures to reach it). Also, even benign tumors can be dangerous for several 
reasons: they may grow in a key area and cause significant damage; even though they 

25 would be cured by surgical resection this may not be possible; and finally, if left 
MrrfrHrH they can cause increased intracranial pressure. The skull is an enclosed 
space incapable of t*"**"" T h er efo r e , if something is growing in one location, 
something else mutt be being compressed in another location • the result is increased 
pressure in the skull or increased intracranial pressure. If such a condition is left 

30 untreated, vital structures can be c omp r esse d, resulting in death. The incidence of 
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central nervous system (CNS) malignmcies is 8-16 per 100,000. The prognosis of 
primary malignancy of the brain is dismal, with a median survival of less than one year, 
even following surgical resection. These tumors, especially gliomas, are predominantly 
a local disease which recur within 2 centimeters of the original focus of disease after 
5 surgical removal. 

Representative examples of brain tumors which may be treated utilizing 
the agents, compositions and methods described herein include glial tumors (such as 
anaplastic astrocytoma, glioblastoma multiform, pilocytic astrocytoma, 
oligodendroglioma, ependymoma, rayxopapillary ependymoma, subependymoma, 

10 choroid plexus papilloma); neuron tumors (e.g. f neuroblastoma, gangiioneuroblastoma, 
ganglioneuroma, and medulloblastoma); pineal gland tumors (e.g., pineoblastoma and 
pineocytoma); menigeal tumors (e.g., meningioma, meningeal hemangiopericytoma, 
meningeal sarcoma); tumors of nerve sheath cells (e.g., schwanoma (neurolemoma) and 
neurofibroma); lymphomas (e.g., Hodgkin's and non-Hodgkin's lymphoma (including 

15 numerous subtypes, both primary and secondary); rnalformative tumors (#.&, 
craniopharyngioma, epidermoid cysts, dermoid cysts and colloid cysts); and metastatic 
tumors (which can be derived from virtually any tumor, the most common being from 
lung, breast, melanoma, kidney, and gastrointestinal tract tumors). 

Suitable anti-rnicrotubule agents are discussed in detail above, and 

20 include for example, taxanes (e.g.. pnditaxei and docetaxel), campochecin, eleutherobin, 
sarcodictyina, epothilonea A and B, discodermolide, deuterium oxide (D,0), hexytene 
glycol (2.methyl-2,4^pentarjedioa tubercidin a^Jeazaadenosine), LY29018I (2^mm^ 
H3i9ridyQ4HHie^ aluminum fluoride, ethylene 

glycol biaKiuccinmikrytsuccinate), glycine ethyl ester, monoclonal anuMdiotypic 

25 antibodift, microtubuie assembly promoting protein (taxoMike protein, TALP% cell 
swelling induced by hypotonic (190 moamol/L) conditions, insulin (100 nmol/L) or 
giutamine (10 mmoi/L), dynein binding, gioberelin, XCHOl (kinesin-like protein), 
lysophorphatidic acid, lithium ion, plat cell will components (e.g., poIy-L-lysme and 
extenainX glycerol buffers, Triton X-100 microtubule stabilizing buffer, microtubule 

30 associated proteins (e,g., MAP2, MAP4. tan, big tau, cnaconsin, elongation ractnr-1- 
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alpha (EF-la) and E-MAP-1 15), cellular entities (e.g.. histone HI. myelin basic protein 
and kinetochores). endogenous microtubular structures (e.g., axonemal structures, plugs 
and GTP caps), stable tubule only polypeptide {e.g.. STOP145 and STOP220) and 
tension from mitotic forces, as well as any analogues and derivatives of any of the 
above. Such agents may, within certain embodiments, be delivered as a composition 
along with a polymeric carrier, or in a liposome formulation as discussed in more detail 
both above and below. Within certain embodiments, the ano-microtubule agent is an 
agent other than a paclitaxei, campothecin, or an epothilone. 

7. Surtical adhesions 

Within other aspects of the invention, methods are provided for treating 
and/or preventing surgical adhesions by administering to the patient an ann-rnicrotubulc 
agent Briefly, surgical adhesion formation is a complex process in which bodily 
tissues that are normally separate grow together. These port-operative adhesions occur 
in 60S to 90% of patients undergoing major gynaecoiogic surgery. Surgical t rauma, as 
1 5 a result of tissue drying, ischemia, thermal injury, infection or the presence of a foreign 
body, has long been recognized as a stimulus for tissue adhesion formation. These 
adhesions are a major cause of failed surgical therapy and are the leading ca use of 
bowel obstruction and infertility. Other adhesion-treated complications include chronic 
pelvic pain, urethral obstruction and voiding dysfunction. 
20 Generally, adhesion formation is an inflammatory reaction in which 

factors are released, increasing vascular permeability and resulting in fibrinogen influx 
and fibrin deposition. This deposition forms a matrix that bridges the abutting tissues. 
Fibroblasts amrmnlata, attach to the matrix, deposit collagen and induce angiogenesis. 
If this cascade of events can be prevented within 4 to 5 days following surgery, then 

Thus, as noted above, the present invention provides methods for 
creating and/or preventing surgical adhesions. A wide variety of animal models may be 
utilized in order to assess a particular therapeutic composition or treatment regimen. 
Briefly, peritoneal adhesions occur in animals as a result of inflicted severe damage 
30 which usually involves two adjacent surfaces. Injuries may be mechanical, due to 
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ischemia or as a result of the introduction of foreign material. Mechanical injuries 
include crushing of the bowel (Choate et ah. Arch. Surg. M:249-254, 1964) and 
stripping or scrubbing away the outer layers of bowel wall (Gusttvsson et al., Ada 
Chir. Scand 709:327.333, 1955). Dividing major vessels to loops of the intestine 
5 induces ischemia (James et al, J. Path. Baa. 90:279-287, 1965). Foreign material that 
may be introduced into the area includes talcum (Green et al. f Proe. Soc. Exp. Biol 
Med /JJ:544-550 t 1970), gauze sponges (Lehman and Boys, Attn. Surg ///:427-435, 
1 940), toxic chemicals (Chancy, Arch. Surg, 6*0:1151-1153, 1 950), bacteria (Moin et al.. 
Am. J. Med Set 250:675-619, 1965) and feces (Jackson, Surgery ¥4:507-51 8, 1958). 

10 Presently, typical adhesion prevention models include the rabbit uterine 

horn model which involves the abrasion of the rabbit uterus (Linsky et al., J. Rtprod 
Med J2ft):17-20, 1987), the rabbit uterine horn, devascularizauon modification model 
which involves abrasion and devascularization of the uterus (Wiseman et aU «/• Invest 
Surg. 7:527-532, 1994) and the rabbit cecal sidewall model which involves the excision 

15 of a patch of parietal peritoneum plus the abrasion of the cecum (Wiseman and Jo h ns, 
FertiL SteriL Suppl: 25S, 1993). 

Representative ann-nucrotubule agents for treating adhesions ire 
discussed in detail above* and include taxanes (e.g.. paditaxel and docetaxel), 
campotfaecin, eleutherobin, sarcodictyins, epothilones A and B, discodermolide, 

20 deuterium oxide (Dfi\ hexylene glycol (2-methyl-2,4-pentanediol), tubercidin (7* 
deaxaadenosine), LY290181 (2-animo^-pyriQM^ 
cardonhrile), aluminum fluoride, ethylene glycol bis^succmimio>lfuccinate), glycine 
ethyl ester, monoclonal anoVtdjocyptc antibodies, microtubule assembly promoting 
protein (taxoHika protein, TALP), cell swelling induced by hypotonic ( 1 90 mosmol/L) 

25 conditions, insulin (100 nmol/L) or giutamiae (10 mmol/L), dynein binding, gibberelin, 
XCHOl (kmesin-like protein), lysophosnhandic add, lithium ion, plant cell wall 
components ($.g, poly-L-rysme and extensin), glycerol butlers, Triton X-100 
microtubule stabilizing buffer, microtubule associated proteins (eg, MAP2, MAP4, 
tau, big tan, ensconsin, elongation factor* 1 -alpha (EF-la) and E-MAP-115), cellular 

30 entities (eg, histone HI, myelin bask protein and kineuxhores), endogenous 
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microtubuiar structures (e.g., axonemai structures, plugs and GTP caps), stable tubule 
only polypeptide (e.g.. STOP145 and STOP220) and tension from mitotic forces, as 
well as any analogues and derivatives of any of the above. Such agents may. within 
certain embodiments, be delivered as a composition along with a polymeric carrier, or 
5 in a liposome formulation as discussed in more detail both above and below. Within 
certain embodiments, the anti-microtubule agent is an agent other than a paclitaxel, 
campothecin, or an epothilone. 

Utilizing the agents, compositions and methods provided herein a wide 
variety of surgical adhesions and complication* of surgery can be treated or prevented. 
10 Adhesion formation or unwanted scar tissue accumulation/encapsulation complicates a 
variety of surgical procedures. As described above, surgical adhesions complicate 
virtually any open or endoscopic surgical procedure in the abdominal or pelvic cavity. 
Encapsulation of surgical implants also complicates breast reconstruction surgery, joint 
replacement surgery, hernia repair surgery, artificial vascular graft surgery, and 
15 neurosurgery. In each case, the implant becomes encapsulated by a fibrous connective 
tissue capsule which compromises or impairs the function of the surgical implant (e.g., 
breast implant, artificial joint, surgical mesh, vascular graft, dural patch). Chronic 
inflammation and scarring also occurs during surgery to correct chronic sinusitis or 
removal of other regions of chronic inflammation (eg., foreign bodies, infections 
20 (fungal, myco bacterium)). 

The antmcrotubulc agent can be administered in any manner to 
achieve the above end points, but pref e ri e d methods include peritubular adrainistration 
(either direct application at the time of surgery or with endos c op ic , ultrasound, CT, 
MRI, or fluoros co p i c guidance); "coating" the surgical implant; and placement of a 
25 a^ug-eiutmg polymeric implant at the surgical site. In a preferred embodiment, 0.5% to 
20H eneJtod by weight is loaded into a polymeric carrier (as described in the 
following examples) and applied to the peritubular (mesenteric) surface u a M paste v *. 
"film**, or "wrap" which releases the drug over a period of time such that the incidence 
of surgical adhesions is reduced. During endoscopic procedures, the pac U tax c l-polymer 
30 preparation is applied as a "spray", via delivery ports in the endoscope, to the mesentery 
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of the abdominal and pelvic organs manipulated during the operation. In a particularly 
preferred embodiment, the peritubular composition is IV. to 5% paclitaxcl by weight. 
In another preferred embodiment, a polymeric coating containing 0.1% l0 20% 
paclitaxel is applied to the surface of the surgical implant (e.g.. breast implant artificial 
5 joint, vascular graft) to prevent encapsulation/inappropriate scarring in the vicinity of 
the implant In yet another preferred embodiment, a polymeric implant containing 0.1% 
to 20% paclitaxel by weight is applied directly to the surgical site (e.g., directly into the 
sinus cavity, chest cavity, abdomina) cavity, or at the operative site during 
neurosurgery) such that recurrence of inflammation, adhesion formation, or scarring is 
10 reduced. In all of the embodiments, other anti-microtubule agents would be 
administered at equivalent doses adjusted for potency and tolerability of the agent 

8. Chrome Inflammatory Diseases of th* &&fflfegga frr r f 

Within other aspects of the invention, anti-microtubule agents (and 
compositions) may be utilized to treat or prevent diseases such as chronic inflammatory 

15 disease of the respiratory tract In particular, the anti-microtubule agent can be 
administered to the site of inflammation (or a potential site of inflammation), in order to 
treat the disease. Suitable anti-microtubule agents are' discussed in detail above, and 
include for example, taxanes (e.g.. paclitaxel and docetaxel), campothecin, eleutherobin, 
sarcodictyins, epothilone* A and B, discodermolide, deuterium oxide (0,0), hexylene 

20 glycol (2-inethyl-2,4-pcntancdiolX tubercidin (7-deazaacknosme), LY29018I (2-amino- 
4^3inmdylMH-nipolM^ aluminum fluoride, ethylene 

glycol bisKsuccimmidylsuc^ glycine ethyl ester, monoclonal anti-idiotypk 
antibodies microtubule assembly promoting protein (taxoUike protein, TALP), cell 
swelling induced by hypotonic (190 mosmol/L) conditions, insulin (100 nmol/L) or 

25 glutatnine (10 mmoi/LX dynein binding, gibberdin, XCHOl (kinesuvlike protein), 
lysophoaphatidk acid, lithium ion, plant cell wail components (*.*, poIy-L-lysine and 
extensin), glycerol buffers, Triton X-100 microtubule stabilizing buffer, microtubule 
aaao ci ated proteins (e.g., MAP2, MAP4, tan, big tau, ensconsin, elongation factor- 1- 
alpha (EF-la) and E-MAP-115), cellular entities (*.&, histone HI, myelin basic protein 

30 and kinetochores). endogenous micro tubular structures (e.g., sxonemal structures, plugs 
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and GTP caps), stable tubule only polypeptide (e.g., STOP 145 and STOP220) and 
tension from mitotic forces, as well as any analogues and derivatives of any of the 
above. Such agents may, within certain embodiments, be delivered as a composition 
along with a polymeric carrier, or in a liposome formulation as discussed in more detail 
5 both above and below. Within preferred embodiments of the invention, the agents or 
compositions may be administered intranasally, systemicaily, by inhalation, topically 
(e.g. , in the case of nasal polyps), or into the sinus cavities. 

ASTHMA 

In certain aspects of the invention, ana-micro tubule agents can by 
10 utilized to treat or prevent asthma. Briefly, asthma is a condition characterized by 
recurrent episodes of airway obstruction that can resolve spontaneously or in response 
to treatment. Although its exact etiology is not known, the condition is an exaggerated 
bronchoconstrictor and inflammatory response to stimuli which affects 5% of the 
population. An effective anti-micro tubule therapy for asthma would alter one or more 
15 of the pathological features of the condition, such as decreasing inflammatory cell (T- 
, cells, mast cells, eosinophils) infiltration and activity, reducing proliferation and 
thickening of the airway epithelium, inhibiting smooth muscle cell proliferation and 
hypertrophy in the airway wall, decreasing mucus secretion in to the airway lumen, 
blocking the activity of inflammatory cytokines (IL-3, IL-4, IL-5, OMSF) which induce 
20 and perpetuate inflammation and inhibit hyperplasia and hypertrophy of airway 
secretory glands. 

Clinically, an effective aun-microtubule therapy for asthma would 
accomplish 000 or more of the following: decrease the severity of symptoms, decrease 
the duration of exacerbations, increase the frequency and duration of disease remission 
25 periods, prevent fixed impairment and disability and prevent chronic progression of 
dyspnea, cough and wheezing; while improving hypoxia, FEV, (forced expiration 
volume in one second), resistance to airflow and hypocapnea/iespiratory alkalosis and 
decreasing V:Q (veatilaticttperiusion) mismatch. 

The ann-oucrotubule agent can be administered in any manner to 
30 achieve the above endpoints. Preferred methods of adnunistrarion include inhaled («.*. 
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by nietered-dose inhaler, nebulizer, via an endothtcheal tube, inhaJiaon of 
microparticies) and systemic (intravenous, subcutaneous or intramuscular injection or 
oral preparation) treatments. Systemic treatment would be administered to patients with 
severe exacerbations or in those in which inhaled therapy was not suitable. The 
minimum dose capable of producing clinical or pathological improvement would be 
used. For example, for paclhaxei, systemic chronic low dose therapy can be 
administered at 10 to 50 mg/m 2 every 1 to 4 weeks depending upon response; high dose 
•pulse" therapy can be administered at 50 to 250 mg/m 2 in the acutely ill patient For 
inhaled therapy, 0.01% to 1% paciitaxel can be directly inhaled via the above 
mentioned delivery vehicles/ formulations. This would result in delivery of 1 to SO 
mg/m 2 of paciitaxel directly to the respiratory tract This dose would be titrated 
according to response. Other anti-micro tubule agents can be administered at equivalent 
doses adjusted for potency and tolerability of the agent 

Chronic OBsntucnvB Pulmonary Disease (COPD) 

15 COPD includes a variety of conditions (chronic bronchitis, asthmatic 

bronchitis, chronic obstructive bronchitis and emphysema) which lead to chronic airway 
obstruction. These conditions can cause severe disability and are the fourth leading 
cause of death in the U.S. Clinically, all are characterized by dyspnea, cough, wheezing 
and recurrent infections of the respiratory tract Signs of the disease include a decreased 

20 FEV„ increased residual volume, V:Q mismatch and hypoxemia, Pathologically, there 
is increased mucus production, hyperplasia of mucus glands, increased protease 
(principally elastase) activity, inflammation of the airways and destruction of the 
alveolar wall Despite a wide range of etiologies (smoking being the most common), 
improving any of the above symptoms, signs or pathological processes would favorably 

25 impact on the condi ti on; an effective antHmicrotubule therapy for COPD would; 
therefore, alter at least one of the aforementioned Treatment with an anri-microtubulc 
agent would be administered as described previously for asthma: inhaled paciitaxel 
would be given at I to 50 mg/m 2 repeated as required, for systemic paciitaxel therapy 10 
to 50 mg/m 2 would be given every 1 to 4 weeks in chronic administration or 50 to 250 
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mg/m 2 given as a "pulse" in the acutely ill patient. Other anti-microtubule agents would 
be administered at clinically equivalent doses. 

9. Stenosis. Neoplastic Dise ases and Obstruction^ 

As noted above, the present invention provides methods for treating or 
5 preventing a wide variety of diseases associated with the obstruction of body 
passageways, including for example, vascular diseases, neoplastic obstructions, 
inflammatory diseases, and infectious diseases. 

For example, within one aspect of the present invention a wide variety of 
anu •microtubule agents and compositions as described herein may be utilized to treat 
10 vascular diseases that cause obstruction of the vascular system. Representative 
examples of such diseases include arthero sclerosis of all vessels (around any artery, 
vein or graft) including, but not restricted to: the coronary arteries, aorta, iliac arteries, 
carotid arteries, common femoral arteries, superficial femoral arteries, popliteal arteries, 
and at the site of graft anastomosis; vasospasms (e g, coronary vasospasms and 
15 Raynaud's disease); restenosis (obstruction of a vessel at the site of a previous 
intervention such as balloon angioplasty, bypass surgery, stent insertion and graft 
insertion); inflammatory and autoimmune conditions (e.g., temporal arteritis, 
vasculitis). 

Briefly, in vascular diseases such as atherosclerosis, white cells, 
20 specifically monocytes and T lymphocytes adhere to endothelial cells, especially at 
locations of arterial branching. After adhering to the endothelium, leukocytes migrate 
across the endothelial cell lining in response to chemostan'c stimuli, and accumulate in 
the inrime of the arterial wail, along with smooth muscle cells. This initial lesion of 
atharaoacierosis development is known as the "ratty streak". Monocytes within the fatty 
25 streak differentiate into macrophages; and the macrophages and smooth muscle cells 
progressively take up lipids and lipoprotein to become foam cells. 

As macrophages sfnumilsH*, the overlying endothelium becomes 
mechanically disrupted and chemically altered by oxidized lipid, oxygen-derived free 
radicals and proteases which are released by macrophages. Foam ceils erode through 
30 the endothelial surftce causing nucro^ilcerations of the vascular waiL Exposure of 
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potentially thrombogcnic subendothelial tissues (such as collagen and other proteins) to 
components of the bloodstream results in adherence of platelets to regions of disrupted 
endothelium. Platelet adherence and other events triggers the elaboration and release of 
growth factors into this mileau, including PDGF, platelet activating factor (PAF), IL-1 
5 and IL-6\ These paracrine factors are thought to stimulate vascular smooth muscle cell 
(VSMC) migration and proliferation. 

In the normal (non-diseased) blood vessel wall, VSMCs have a 
contractile phenotype and low index of mitotic activity. However, under the influence 
of cytokines and growth factors released by platelets, macrophages and endothelial 

10 cells, VSMC undergo phenotypic alteration from mature contractile cells to immature 
secretory cells. The transformed VSMC proliferate in the media of the blood vessel 
wall, migrate into the intima, continue to proliferate in the intima and generate large 
quantities of extracellular matrix. This transforms the evolving vascular lesion into a 
fibrous plaque. The extracellular matrix elaborated by secretory VSMC includes 

15 collagen, elastin, glycoprotein and gJycosaminogrycans, with collagen comprising the 
major extracellular matrix component of the atherosclerotic plaque. Elastin and 
glycosaminoglycans bind lipoproteins and also contribute to lesion growth. The fibrous 
plaque consists of a fibrous cap of dense connective tissue of varying thickness 
containing smooth muscle cells and overlying macrophages, T cells and extracellular 

20 material. 

In addition to PDGF, IL-1 and IL-6, other autogenic factors are 
produced by cells which infiltrate the vessel wail including: TGFfJ, FGF, 
thro mbctp oodin, serotonin, thromboxane A,, n ore p cn ephrinc, and angiotensin II. This 
results in the recruitment of more cells, elaboration of further extracellular matrix and 
25 the accumulation of additional lipid. This progressively enlarges the atherosclerotic 
lesson until it significantly encroaches upon the vascular lumen. Initially, obstructed 
blood flow through the vascular tube causes ischemia of the tissues distal to the 
atherosclerotic plaque only when increased flow is required • later as the lesion further 
blocks the artery, ischemia occurs at rest 
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Macrophages in the enlarging atherosclerotic plaque release oxidized 
lipids, free radicals, elastases, and collageneses that cause cell injury and necrosis of 
neighbouring tissues. The lesion develops a necrotic core and is transformed into a 
complex plaque. Complex plaques are unstable lesions that can break off causing 
embolization; local hemorrhage (secondary to rupture of the vasa vasorum supplying 
the plaque which results in lumen obstruction due to rapid expansion of the lesion); or 
ulceration and fissure formation (this exposes the thrombogenic necrotic core to the 
blood stream producing local thrombosis or distal embolization). Even should none of 
the above sequela occur, the adherent thrombus may become or ganized and 
incorporated into the plaque, thereby accelerating its growth. Furthermore, as the local 
concentrations of fibrinogen and thrombin increase, proliferation of vascular smooth 
muscle cells within the media and iauma is stimulated; a process which also ultimately 
leads to additional narrowing of the vessel 

The inrima and media of normal arteries are oxygenated and supplied 
with nutrition from the lumen of the artery or from the vast vasorum in the adyentirja. 
With trie development of atherosclerotic plaque, microvessels arising from the 
adventitial vasa vasorum extend into the thickened inrima and media This vascular 
network becomes more extensive as the plaque worsens and diminishes with plaque 
regression. 

Hemorrhage from these microvessels may precipitate sudden expansion 
and rupture of plaque in association with arterial dissection, ulceration, or thrombosis. 
It has also beta postulated that the leakage of plasma proteins from these microvessels 
may attract inflammatory infiltrates into the region and these inflammatory cells may 
contribute to the rapid growth of atherosclerotic plaque and to associated complications 
25 (through local edema and inilarnmarion). 

In order to treat vascular diseases, such as those discussed above, an ami- 
microtubule agent (either with or without a carrier) may be delivered to the external 
portion of the body passageway, or to smooth muscle cells via the advenria of the body 
passageway. Particularly preferred ana-micro tubule agents in this regard, and include 
for example, taxanes («.&, paditaxd and docetaxd), canipothean, eleutherobin. 



20 



30 
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sarcodictyins, epothilones A and B, discodermotide, deuterium oxide (D : 0). hexylene 
glycol (2-methyl.2,4.penttnediol) t tubercidin (7^eazaadenosine), LY290181 (2-amino- 
H3.pyridyIHH-naph m o(l f 2.b)pyra n .3^nitrile), aluminum fluoride, ethylene 
glycol bi^succinimidylsuccinate), glydne ethyl ester, monoclonal anti-idiotypic 
antibodies, microtubuJe assembly promoting protein (taxot-like protein, TALP), ceU 
swelling induced by hypotonic (190 mosmol/L) conditions, insulin (100 nmoI/L) or 
glutamine (10 mmol/L), dynein binding, gibbereiin, XCHOI (kincsin-like protein), 
lysophosphaxidic acid, lithium ion, plant cell wall components (e.g.. poly-L-iysine and 
extensin), glycerol buffers. Triton X-100 microtubule stabilizing buffer, microtubule 
associated proteins («.*. MAP2, MAP4. tau, big tau, enscoiuin, eiongarion factor- 1- 
alpha (EF-la) and E-MAP-1 15). cellular entities (e.g.. histone HI, myelin basic protein 
and kinetochores), endogenous microtubular structures (e.g.. axonemal structures, plugs 
and GTP caps), stable tubule only polypeptide (e.g.. STOP 145 and STOP220) and < 
tension from mitotic forces, as well as any analogues and derivatives of any of the 
above. Within certain embodiments, the anu-microtubule agent is an agent other than a 
paclitaxei, campothecin, or an epothilone. Such agents may, within certain 
embodiments, be delivered as a composition along with a polymeric carrier, or in a 
liposome formulation as discussed in more detail both above and below. Within 
preferred embodiments of the invention, the agents or compositions may be 
a dm in istered by balloon catheter, orally, perivascular^, by stent, to systemicaily. 

Within other aspects of the invention, the anti -microtubule therapeutic 
agents or compositions described herein may be utilized to treat neoplastic obstructions. 
Briefly, u utilized herein, a "neoplastic obstruction" should be understood to include 
any twoplaatic (benign or malignant) obstruction of a bodily tube -:gardless of tube 
location or histological type of malignancy present Representative examples include 
gastrointestinal diseases (e.g.. otopharyngeal carcinoma aacnocarcinoma, esophageal 
carcinoma (squamous cell, adenocarcinoma, lymphoma, melanoma), gastric carcinoma 
(adenocarcinoma, Units plasties, lymphoma, leiomyosarcoma), small bowel tumors 
(adenomas, leiomyomas, lipomas, adenocarcinomas, lymphomas, carcinoid tumors), 
colon cancer (adenocarcinoma) and anorectal cancer); biliary tract diseases (e.g.. 
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neoplasms resulting in biliary obstruction such as pancreatic carcinoma (ductal 
adenocarcinoma, islet cell tumors, cystadenocareinoma), cholangiocarcinoma and 
hepatocellular carcinoma); pulmonary diseases (e.g., carcinoma of the lung and/or 
. tracheai/bronchial passageways (small cell lung cancer, non-small cell lung cancer)); 
5 female reproductive diseases (e.g. t malignancies of the fallopian tubes, uterine cancer, 
cervical cancer, vaginal cancer); male reproductive diseases (e.g., testicular cancer, 
cancer of the epididymis, tumors of the vas deferens, prostatic cancer, benign prostatic 
hypertrophy); and urinary tract diseases (e.g., renal ceil carcinoma, tumors of the renal 
pelvis, tumors of the urinary collection system such as transitional cell carcinoma, 

1 0 bladder carcinoma, and urethral obstructions due to benign strictures, or malignancy). 

As an example, benign prostatic hyperplasia (BPH) is the enlargement of 
the prostate, particularly the central portion of the gland which surrounds the urethra, 
which occurs in response to prolonged androgenic stimulation. It affects more than 
80% of the men over 50 yean of age. This enlargement can result in compression of 

IS the portion of the urethra which runs through the prostate, resulting in bladder outflow 
tract obstruction, i.e., an abnormally high bladder pressure is required to generate 
urinary flow. In 1980, 367,000 transurethral resections of the prostate were performed 
in the United Slates as treatment for BPH Other treatments include medication, 
transurethral sphincterotomy, transurethral laser or microwave, transurethral 

20 hyperthermia, transurethral ultrasound, transrectal microwave, transrectal hyperthermia, 
transrectal ultrasound and surgical removal All have disadvantages including 
interruption of the sphincter mechanism resulting in incontinence and stricture 

In order to treat neoplastic diseases, such as those discussed above, a 
25 wide variety of therapeutic agents (either with or without a polymeric carrier) may be 
delivered to the external portion of the body passageway, or to smooth muscle cells via 
the adventia of the body passageway. For example, within one preferred embodiment a 
needle or catheter is guided into the prostata gland adjacent to the urethra via the 
transrectal route (or alternatively transperineally) under ultrasound guidance and 
30 through this deliver a therapeutic agent, preferably in several quadrants of the gland, 
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particularly around the urethra. The needle or catheter can also be placed under direct 
palpation or under endoscopic, fluoroscopic, CT or MRI guidance, and administered at 
intervals. As an alternative, the placement of pellets via a catheter or trocar can also be 
accomplished. The above procedures can be accomplished alone or in conjunction with 
5 a stent placed in the prostatic urethra. By avoiding urethral mstrumentation or damage 
to the urethra, the sphincter mechanism would be left intact, avoiding incontinence, and 
a stricture is less likely. 

Within other aspects of the invention, methods are provided for 
preventing or treating inflammatory diseases which affect or cause the obstruction of a 

10 body passageway. Inflammatory diseases include both acute and chronic inflammation 
which result in obstruction of a variety of body tubes. Representative examples in cl ude 
vasculitis (e.g.. Giant cell arteritis (temporal arteritis, Takayastfs arteritis), polyarteritis 
nodosa, allergic angiitis and granulomatosis (Churg-Strauss disease), polyangiitis 
overlap syndrome, hypersensitivity vasculitis (Hencch-Schonleia purpura), serum 

1 5 sickness, drug-induced vasculitis, infectious vasculitis, neoplastic vasculitis, vasculitis 
associated with connective tissue disorders, vasculitis associated with congenital 
deficiencies of the complement system), Wegener's granulomatosis, Kawasaki's disease, 
vasculitis of the central nervous system, Buerger's disease and systemic sclerosis); 
gastrointestinal tract diseases {e.g., pancreatitis, Crohn's disease, ulcerative colitis, 

20 ulcerative proctitis, primary sclerosing cholangitis, benign strictures of any cause 
including tdeopathic («.&, strictures of bile ducts, esophagus, duodenum, small bowel 
or colon)); respiratory tract diseases (*£• asthma, hypersensitivity pneumonitis, 
asbestosis, silicosis, and other forms of pneumoconiosis, chronic bronchitis and chrome 
obstructive airway disease); nasolacrimal duct diseases («.£, strictures of all causes 

25 including ideopamic); and eustachean tube diseases (e.g., strictures of all causes 
including idcopathic). 

In order to treat inflammatory diseases, such as those discussed above, 
an ana-microtubule agents (either with or without a carrier) may be delivered to the 
external portion of the body passageway, or to smooth muscle cells via the adventia of 

30 the body passageway. 
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Within yet other aspects of the present invention, methods are provided 
for treating or preventing infectious diseases that are associated with, or causati ve of, 
the obstruction of a body passageway. Briefly, infectious diseases include several acute 
and chronic infectious processes can result in obstruction of body p assa geways 
S including for example, obstructions of the male reproductive tract (e.g., strictures due to 
urethritis, epididymitis, prostatitis); obstructions of the female reproductive tract (e.g., 
vaginitis, cervicitis, pelvic inflammatory disease (e.g., tuberculosis, gonococcus, 
chlamydia, enterococcus and syphilis)); urinary tract obstructions (e.g., cystitis, 
urethritis); respiratory tract obstructions (e.g., chronic bronchitis, tuberculosis, other 

10 mycobacterial infections (MAI, etc.), anaerobic infections, fungal infections and 
parasitic infections); and cardiovascular obstructions (e.g., mycotic aneurysms and 
infective endocarditis). 

In order to treat infectious diseases, such as those discussed above, a 
wide variety of therapeutic agents (either with or without a carrier) may be delivered to 

1 5 the external portion of the body passageway, or to smooth muscle cells via the adventia 
of the body passageway. Particularly preferred therapeutic agents in this regard include 
the anti-microtubule agents discussed above. 

10. Gran refection 

The above-described anti-microtubule agents and compositions can 
20 likewise be utilized to treat or prevent graft rejection. Briefly, the two major 
histological manifestations of chronic graft/organ rejection are inflammation and 
atherosclerosis. This necdntimal hyperplasia has been observed in long-surviving renal 
allografts (Hume et si, JL Clin. Invest J*327, 1 955; Busch et si Human Pathol. 2:253, 
1971) as well as cardiac (Johnson et si, J. Heart Transplantation £349, 1989), hepatic 
25 (Demetrts et si, Am. J. Pathol /7&I51, 1985) and lung grafts (Burke et si. Lancet I: 
517: 19M). Cardiac grafts are extremely sensitive to this luminal narrowing because of 
the myccaidud dependent* on c^^ flow. 

Many animal models have been used to study chronic cardiac allograft 
rejection. The Lewu-F344 rat cardiac transplantation model produces cardiac allografts 
30 with chronic rejection characteristized by arteriosclerotic lesion formation. This model 
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is useful because over 80% of recipients survive for more than 3 weeks, with 90% of 
these exhibiting coronary intimal lesions (Adams et al. t Transplantation 53:\ 1 15-1 1 19, 
1992). In addition to showing a high incidence and severity of lesions, the 
inflammatory stage of lesion development is quite recognizable since this system does 
5 not require immunosuppression. Although the degree of mononuclear infiltration and 
necrosis is more severe, the arterial lesions in this mode! strongly resemble clinical graft 
artnero sclerosis. 

An effective anti-microtubuie therapy for graft rejection would 
accomplish a least one of the following: (i) prolong the life of the graft, (ii) decrease ' 

10 the side effects associated with immunosuppressive therapy, and (in) decrease 
accelerated atherosclerosis associated with transplants. 

Suitable anti -microtubule agents for treating graft rejection include for 
example, taxanes (e.g., paclitaxel and docetaxel), camptothecin, epothilones A and B, 
discodermolide, deuterium oxide (D,0), hexylene glycol (2-methyl-2,4-pentanedioI), 

IS tubercidin (7nlesaaadenostne), LY290111 (2-arnmc^3-pyridylHH-r«phtho<l t 2- 
b)pyran-3-cardonitrile), aluminum fluoride, ethylene glycol bis^succimnudy (succinate), 
glycine ethyl ester, monoclonal anti-idiotypic antibodies, microtubule assembly 
promoting protein (taxol-like protein, TM?\ cell swelling induced by hypotonic (190 
mosmol/L) conditions, insulin (100 nmol/L) or glutamine (10 mmol/L), dynein binding. 

20 gibberelin, XCHOl (kinesin-like protein), lysophosphatidic acid, lithium ion, plant cell 
wall components (eg. poly-L-lysine and extensin), glycerol buffers, Triton X-100 
microtubule stabilizing buffer, microtubule associated proteins {e.g. MAP2, MAP4, 
tan, big tan, enscotmn, elongation factor- 1 -alpha (EP-la) and E-MAP-115), cellular 
entities (*.£. hiatons HI, myelin basic protein and kinetochores), endogenous 

25 microtubules' structures (e.g. axonemal structures, plugs and OTP caps), stable tubule 
only polypeptide (e.g., STOP 1 45 and STOP220) and tension from mitotic forces, as 
well as any analogues and derivatives of any of the above. Such agents may, within 
certain embodiments, be delivered as a composition along with a polymeric carrier, or 
in a liposome formulation as discussed in more detail both above and below. 



(C) 1999 Copyright Derwent Infonnauon Ltd. 



WO 9*24427 



PCT/CATT/OMIO 



71 

The anti-microtubule agent can be administered with transp lants in any 
manner to achieve the above end points. However preferred methods include oral 
administration or intravenous, subcutaneous, or intramuscular injection. The anu- 
microiubuic agent can be administered as a chronic low dose therapy to prevent chronic 
5 graft rejection or in higher doses to prevent acute graft rejection. For example, for 
paclitaxeL systemic chronic low dose therapy can be administered at 10 to SO mg/m 2 
every 1 to 4 weeks depending on the therapeutic response; high dose "pulse" therapy 
can be given at 50 to 250 mg/m2 every 1 to 2] days repeated up to 6 times as required 
Other anti-microtubule agents can be administered at equivalent doses adjusted for the 
. 1 0 potency and tolerability of the agent 

11. Sustamte luous mthtmarotut 

Systemic lupus erythematosus (SLE) is a disease of unknown etiology 
characterized by inflammation in many different organ systems associated with the 
production of antibodies reactive with nuclear, cytoplasmic and ceil membrane 

15 antigens. SLE is a Airly common disease, with a prevalence that may be as high as 1 in 
2500 in some populations (Michel et at, Mayo CtlnL Proc 60:105, 1985). SLE is 
predominantly a disease of women, with a frequency of 1 in 700 among women 
between the ages of 10 and 64 and a female-to-male ratio of 9:1. The overall annual 
incidence of SLE is about 6 to 3 5 new cases per 1 00,000 population per year depending 

20 on risk of population. 

SLE appears to be a complex disorder of multifactorial origin resulting 
from jntef ettoM MBMtg genetic- hormonal and environmental factors acting in concert 
to m tt activation of helper T and B cells mat results in the secretion of several species 
of autoantibodies. SLE is often classified as an autoimmune disorder, characterized by 

25 an increased Dumber of autoaimbodict, directed especially against nuclear antigens 
(antinuclear antibodies - ANAs) and phospholipids. Antifjhoapholipid antibodies are 
present in 20 to 40H of lupus patients arid have been found to react with a number of 
anionic phospholipids. 

The morphologic changes in SLE are extremely variable, reflecting the 

30 variability of the clinical manifestations and the course of the disease in individual 
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patients. The most characteristic lesions result from the deposition of immune 
complexes and are found in the blood vessels, kidneys, connective tissue and skin. An 
acute necrotizing vasculitis involving small arteries and arterioles may be present in any 
. tissue although skin and muscles are most commonly affected. In organs affected by 
5 small vessel vasculitis, the first lesions are usually characterized by granulocytic 
infiltration and periarteriolar edema. Fibrinoid deposits in the vessel walls also 
characterize the arteritis. In chronic stages, vessels undergo fibrous thickening with 
luminal narrowing. In the spleen, these vascular lesions involve the central arteries and 
are characterized by marked perivascular fibrosis, producing so-called onionskin 
10 lesions. 

Suitable anti-microtubule agents for treating SLE include for example, 
taxancs paclitaxei and docetaxel), camptothecin, epothilones A and B. 

discodermoUde, deuterium oxide (D,6), hexyiene glycol (2-inemyl.2,4-pentanediol). 
tubercidin (7-deazaadenosine), LY290I81 (2-amino^3^dylHH-naphtho<U- 

1 5 b)pyranO<ardoutri]e), aluminum fluoride, ethylene glycol bis^succinirnidy tsuccinate), 
glycine ethyl ester, monoclonal anti-idiotypic antibodies, microtubule assembly 
promoting protein (taxol-like protein, TALP), cell swelling induced by hypotonic (190 
mosmol/L) conditions, insulin (100 nmol/L) or glutamine (10 mmoUL), dynein binding, 
gibberelia, XCHO! (kinesin-like protein), lysophosphatidic acid, lithium ion, plant cell 

20 wall components («,*.. poiy-L-Iysine and extemtin), glycerol buffers, Triton X-100 
microtubule stabilizing buffer, microtubule associated proteins (e.g., MAP2, MAP4. 
tan. big tan, ensconsin, elongation factor- 1 -alpha (EF-lct) and E-MAP-I15), cellular 
entities Msaooe HI, myelin bask protein and kinetochores), endogenous 
imcrotnbular structures (e.g.. axonemal structures, plugs and OTP caps), stable tubule 

25 only polypeptide STOP 145 and STOP220) and tension from mitotic forces, as 
well as any analogues and derivatives of any of the above. Such agents may, within 
certain embodiments, be delivered as a composition along with a polymeric carrier, or 
in a liposome formulation as discussed in more detail both above and below. Within 
preferred embodiments of the invention, the agents or compositions may be 
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administered intranasaily, systemicaJiy, by inhalation, or topically (e.g., in the case of 
nasal polyps). 

Formulation and administration 
As noted above, anti-microtubule agents of the present invention may be 
5 formulated in a variety of forms (e.g., microspheres, pastes, films, sprays, ointments, 
creams, gels and the like). Further, the compositions of the present invention may be 
formulated to contain more than one anti-microtubule agents, to contain a variety of 
additional compounds, to have certain physical properties (e.g., elasticity, a particular 
melting point, or a specified release rate). Within certain embodiments of the invention, 
10 compositions may be combined in order to achieve a desired effect (e.g., several 
preparations of microspheres may be combined in order to achieve both a quick and a 
slow or prolonged release of one or more anu-microtubw gents). 

Anti-microtubule agents may be administered either alone, or in 
combination with pharmaceutxcaUy or physiologically acceptable carrier, excipients or 
IS diluents. Generally, such carriers should be nontoxic to recipients at the dosages and 
concentrations employed. Ordinarily, the preparation of such compositions entails 
combining the therapeutic agent with buffers, antioxidants such as ascorbic acid, low 
molecular weight (less than about 10 residues) polypeptides, proteins, amino acids, 
carbohydrates including glucose, sucrose or dextrin*, chelating agents such as EDTA, 
20 glutathione and other stabilizers and excipients. Neutral buffered saline or saline mixed 
with nonspecific serum albumin are exemplary appropriate diluents. 

As noted above, anti-microtubule agents, compositions, or 
phannaoeutical comp o siti ons provided herein may be prepared for administration by a 
variety of diflerent routes, including for example, topically to a site of inflammation, 
25 orally, recently, imracraniairy, intrathecal^, intranasal^, intraoculariy, intravenously, 
subcutaneously, intraperitonea|ly. intramuscularly, sublingual^ and mtzivesically. 
Other representative routes of adnwustntion include direct administration (preferably 
with ultrasound, CT, fluoroscopic, MR! or endoscopic guidance) to the disease site. 

The therapeutic agents, therapeutic compositions and pharmaceutical 
30 compositions provided herein may be placed within containers, along with packaging 
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material which provides instructions regarding the use of such materials. Generally, 
such instructions include a tangible expression describing the reagent concentration, as 
weU as within certain embodiments, relative amounts of excipiem ingredients or 
diluents (e.g.. water, saline or PBS) which may be necessary to reconstitute the and- 
microtubule agent, anti-microtubule composition, or pharmaceutical composition. 

The following examples are offered by way of illustration, and not by 
way of limitation. 
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EXAMPLES 

As discussed above, chronic inflammation is a process characterized by 
tissue infiltration with white blood cells (macrophages, lymphocytes, neutrophils, and 
5 plasma cells), tissue destruction by inflammatory cells and cell products (reactive 
oxygen species, tissue degrading enzymes such as matrix metalloprotemases), and 
repeated attempts at repair by connective tissue replacement (angiogenesis and fibrosis). 

In order to assess anti -micro tubule agents for their ability to effect 
chronic inflammatory the following pathological/biological endpoints: (1) inhibition of- 

1 0 the white blood cell response (macrophages, neutrophils and T cells) which initiates the 
inflammatory cascade; (2) inhibition of mesenchymal cell (fibroblasts, synoviocytes, 
etc.) byperproliferauon that leads to the development of fibrosis and loss of organ 
function; (3) inhibition of matrix metalloproteinase production/activity which causes 
tissue damage; (4) disruption of angiogenesis which may enhance the inflammatory 

1 5 response and provide the metabolic support necessary for the growth and development 
of the fibrous tissue; and (5) all of this must be achieved without substantial toxicity to 
normal parenchymal cells or impairing the normal synthesis of the matrix components 
(«.&, collagen and proteoglycans). 

Asset forth in more detail below, the activity of agents which stabilize 

20 microtubules such as, for example, pa cl ita xel has been examined in several tissues and 
inflammatory disease states. These agents demonstrate an ability to alter many of the 
above disease parameters. 

EXAMPLE 1 

Ewicr Of AKn-MiotomJBuu agent* On NeumorwL acttvtty 

25 

The example describes the effect of anti-nucrotubule agents on the 
response of neutrophils stimulated with opsonized CPPD crystals or opsonized 
zymosan. As shown by experiments set forth below, airi-microtubule agneta are strong 
inhibitors f paniculate-induced neutrophil activation as measured by 
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cheniUuininescence, superoxide anion production and degranulauon in response to 
plasma opsonized microcrystala or zymosan. 

A. Materials and Mgftftfr 

Hanks buffered saline solution (HBSS) P H 7.4 was used throughout this 
5 study. Ail chemicals were purchased from Sigma Chemical Co (St. Louis, MO) unless 
otherwise stated. .All experiments were performed at 37»C unless otherwise stated. 

A PREPARATION AND CHARACTERIZATION OP CRYSTALS 

CPPD (triciinic) crystals were prepared. The size distribution of the 
crystals was approximately 33% less than 10 urn, 58% between 10 and 20 urn and 9% 
1 0 greater than 20 urn. Crystals prepared under the above conditions are pyrogen-rree and 
crystals produced under sterile, pyrogen-frce conditions produced the same magnitude 
of neutrophil response as crystals prepared under normal, non-sterile laboratory 
conditions. 

2. Opsonization of crystals and zymosan 

15 All experiments that studied neutrophil responses to crystals or zymosan 

in the presence of paclitaxei were performed using plasma opsonized CPPD or 
zymosan. Opsonization of crystals or zymosan was done with 50% heparinized plasma 
at a concentration of 75 rag of CPPD or 12 mg of zymosan per ml of 50% plasma 
Crystals or zymosan wen incubated with plasma for 30 minutes at 37°C and then 

20 washed in excess HBSS. 

I NEUTROPHIL PREPARATION 

Neutrophils were prepared from freshly collected human citrated whole 
blood Briefly, 400 ml of blood were mixed with 80 ml of 4% dearaa T500 (Phamacia 
1KB, Biotechnology AB Uppsala, Sweden) in HBSS and allowed to settle for I hour. 
25 Plasma was collected continuously and 5 ml applied to 5 ml of Ficoil Paque 
(Pharmacia) in 15 ml polypropylene tubes (Coming, NY). Following centrifugnrion at 
500 g for 30 minutes, the neutrophil pellets were washed free f erythrocytes by 20 
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seconds of hypotonic shock. Neutrophils were resuspended in HBSS, kept on ice and 
used for experiments within 3 hours. Neutrophil viability and purity was always greater 
than90%. 

* Incubation op neutrophils with anti-microtubuu agents 
5 (a) Paclitaxel 

A stock solution of paclitaxel at 12 raM in dimethylsuifoxide (DMSO) 
was freshly prepared before each experiment. This stock solution was diluted in DMSO 
to give solutions of paclitaxel in the 1 to 10 mM concentration range. Equal volumes of 
these diluted paclitaxel solutions was added to neutrophils at 5,000,000 cells per ml 
10 under mild vortexing to achieve concentrations of 0 to 50 uM with a final DMSO 
concentration of 0.5%. Cells were incubated for 20 minutes at 33 # C then for 10 
minutes at 37*C before addition to crystals or zymosan. 

(b) Aluminum Fluorid* 

15 A stock solution of aluminum fluoride (A1FJ at I M in HBSS was 

freshly prepared. This stock solution was diluted in HBSS to give solutions of A1F, in 
the 5 to 100 mM concentration range. Equal volumes (50 uJ) of these diluted A1F, 
solutions was added to neutrophils at 5,000,000 cells per ml and incubated for 15 
minutes at 37*C Luminol (t uM) was added and then 20 ui of opsonized zymosan 

20 (final concentration ■ 1 mg/ml) to activate the ceils. 

(c) Glycine Ethvt Ester 

A stock solution of glycine ethyl ester at 100 mM in HBSS was freshly 
prepared. This stock solution was diluted in HBSS to give solutions of glycine ethyl 
25 ester ia the 0.5 to 10 mM concentration range. Equal volumes (50 ui) of these diluted 
glycine ethyl ester sohmons was added to neutrophils at 5,000,000 cells per ml and 
incubated for 15 minutes at 37*C. Luminol (1 uM) was added and then 20 ui of 
opsonized zymosan (final concentration ■ I mg/ml) to activate the cells. 



(O 1999 Copyright Derwent Information Ltd. 



10 



WO 9*34427 

PCT/CA97AXm0 

78 



(d) LY29Q181 

A stock solution of LY290181 at 100 uM in HBSS was freshly prepared. 
This stock solution was diluted in HBSS to give solutions of LY2901 81 in the 0.5 to 50 
uM concentration range. Equal volumes (50 ul) of these diluted LY29018I solutions 
was added to neutrophils at 5,000,000 cells per ml and incubated for 15 minutes at 
37-C. Luminol (1 uM) was added and then 20 ul of opsonized zymosan (final 
concentration - 1 mg/ml) to activate the cells. 

5. Chemjluminescencb assay 
All cheniUumuiesccnce studies were performed at a ceil concentration of 

5,000,000 cells/ml in HBSS with CPPD (50 mg/ml). In all experiments 0.5 ml qf cells 
was added to 25 mg of CPPD or 0.5 mg of zymosan in 1 .5 ml capped Eppendorf tubes. 
10 ul of luminol dissolved in 25% DMSO in HBSS was added to a final concentration 
of 1 uM and the samples were mixed to inmate neutrophil activation by the crystals or 
zymosan. Cherniluminescence was monitored using an LKB Luminometer (Model 
15 1250) at 37-C for 20 minutes with shaking immediately prior to measurements to 
resuspend the crystals or zymosan. Control tubes contained cells, drug and luminol 
(crystals absent). 

6. Superoxide anion generation 

Superoxide anion concentrations were measured using the superoxide 
20 dismutase inhibitabie reduction of cytochrome C assay. Briefly, 25 mg of crystals or 
0.5 mg of zymosan was placed in a 1.5 ml capped Eppendorf tube and wanned to 37*0. 
0.5 ml of cells at 37*C were added together with ferricytochrorne C (final concentration 
1.2 mg/ml) and the cells were activated by shaking the capped tubes. At appropriate 
times tubes were ccntriJuged at 1 0,000g for 1 0 seconds and the supernatant collected for 
25 assay be measuring the absorbance of 550 am. Control tubes were set up under the 
* conditions with the inclusion of superoxide dismutase at 600 units per ml. 
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7. Neutrophil degranulation assay 

One and a half miiliiitcr Eppcndorf tubes containing either 25 mg of 
CPPD or 1 mg of zymosan were preheated to 37«C. 0.5 ml of cells at 37°C were added 
followed by vigorous shaking to initiate the reactions. At appropriate times, tubes were 
5 centrifuged at 10,000 g for 1 0 seconds and 0.4 ml of supernatant was stored at -20°C for 
later assay. 

Lysozyme was measured by the decrease in absorbance at 450 run of a 
Micrococcus lysodtikticus suspension. Briefly, Micrococcus lysodtikrtcus was 
suspended at 0.1 mg/mJ in 65 mM potassium phosphate buffer, pH 6.2 and the 

10 absorbance at 450 nm was adjusted to 0.7 units by dilution. Tht crystal (or zymosan) 
and cell supernatant (100 uJ) was added to 2.5 ml of the Micrococcus suspension and 
the decrease in absorbance was monitored. Lysozyme standards (chicken egg white) in 
the 0 to 2000 units/ml range were prepared and a calibration graph of lyzozyme 
concentration against the rate of decrease in the absorbance at 450 nm was ob tained 

15 Myeloperoxidase (MPO) activity was measured by the increase in 

absorbance a 450 nm that accompanies the oxidation of dianisidine. 7.8 mg of 
dianisidine was dissolved in 100 ml of 0.1 M citrate buffer, pH 5.5 at 3.2 mM by* 
sonication. To a 1 ml cuvette, 0.89 mL of the dianisidine solution was added, followed 
by 50 ui of 1% Triton x 100, 10 pi of a 0.05% hydrogen peroxide in water solution and 

20 50 ul of crystal-ceil supernatant MPO activity was determined from the change in 
absorbance (450 nm) per minute, Delta A 450, using the following equation: 

Dianisidine oxidation (nmol/min)- 50 x Delta A 450 

& NtanwwiL viability 
25 To determine the effect of the tnri -micro tubule agents on neutrophil 

viability tfat release of the cytoplasmic marker enzyme, lactate dehydrogenase (LDH) 
was measured Control tubes containing cells with drag (crystals absent) from 
degranulation experiments were also assayed for LDH. 
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B. Result? 

In all experiments statistical significance wis determined using Students' 
t-test and significance was claimed at p<0.05. Where error ban are shown they describe 
one standard deviation about the mean value for the n number given. 

I. Neutrophil viability 

(a) Paclitaxel 

Neutrophils treated with paclitaxel at 46 uM for one hour at 37*C did not 
show any increased level of LDH release (always less than 5% of total) above controls • 
indicating that paclitaxel did not cause cell death. 

(b) Aluminum Fluoride 

Neutrophils treated with aluminum fluoride at i 5 to 100 mM 
concentration range for 1 hour at 37*C did not show any increased level of LDH release 
above controls indicating that aluminum fluoride did not cause cell death 

(0 fllYriM Btod Eater 

Neutrophils treated with glycine 'ethyl ester at a 0.5 to 20 mM 
concentration range for 1 hour at 37*C did not show any increased level of LDH release 
above controls indicating that glycine ethyl ester did not cause cell death, 



.20 Chemoummscencb 
(a) Eacjjflgcj 

PacUtaxci at 29 uM produced strong inhibition of both plasma opsonized 
CPPD and plasma opsonized zymosan- induced neutrophil chemiluminescence as shown 
in Figures 1A, IB and 2A respectively. The inhibition of the peak cbemUumuescence 
25 response wat 52H (+AI2H) and 45H (+/-UH) for CPPD and zymosan respectively. 
The inhibition by paclitaxel at 28 uM of both plasma opsonized CPPD and plasma 
opsonized zymosaihinduced chemiluminescence was significant at all times from 3 to 
16 minutes (Figures 1 and 4A). Figures 1 A and IB show the concentration dependence 
of paclitaxel inhibition of plasma opsonized CPPD-induced neutrophil 
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chemUuminescence. rn all experiments control samples never produced 
chemUuminescence values of greater than 5 mV and the addition of paclitaxel at all 
concentrations used in this study had no effect on the chemilianinescence values of 
controls. 

5 

(b) Aluminum fluoj^ 

Aluminum fluoride at concentrations of 5 to 100 mM produced strong 
inhibition of plasma opsonized zymosao-induced neutrophil chemilumincacencc as 
shown in Figure 1 C. This figure shows the concentration dependence of AiF, inhibition 
10 of plasma opsonized zymosan-induced neutrophil chenu luminescence. The addition of 
AIF, at all concentrations used in this study had no effect on the chemiluminescence 
values of controls. 

(c) SfcaapJttalflBi 

15 Glycine ethyl ester at concentrations of 0.5 to 20 mM produced strong 

inhibition of plasma opsonized zymosan-induced neutrophil chemUuminescence as 
shown in Figure ID. This figure shows the concentration dependence of glycine ethyl 
ester inhibition of plasma opsonized zymosan-induced neutrophil diemiluminescence. 
The addition of glycine ethyl ester at all concentrations used in this study had no effect 

20 on the chemUuminescence values of controls. 

(d) LY290U1 

LY2901S1 at concentrations of 0.5 to 50 uM produced strong inhibition 
of plant opsonized zymosan-induced neutrophil chernihimincscence as shown in 
25 Figure IE This figure shows the concentration dependence of LY290181 inhibition of 
plasma Opsonized zymosan- itviuced neutrophil chezniiununeseence. The addition of 
LY290I8I at all c oncen tr a tions used in this study had no effect on the 
chemilumincsccnce values of controls. 
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EXAMPLES 

Effect of Paclitaxel and other antvMicrotubule agents on Matrix 
Metauoprotewase Production 

A. Materials and Methods 

5 I. IL-1 STIMULATED AP-i TRANSCRIPTIONAL ACTTVITY IS INHIBITED BY 

PACLITAXEL 

Chondrocytes were transfected with constructs containing an AP-1 
driven CAT reporter gene, and stimulated with IL-1, IL-1 (SO ng/mi) was added and 
incubated for 24 hours in the absence and presence of paclitaxel at various 
10 concentrations. Paclitaxel treatment decreased CAT activity in a concentration 
dependent manner (mean ± SD). The" data noted with an asterisk (*) hive significance 
compared with IL-1 -induced CAT activity according to a t-test, P<0.05. The results 
shown are representative of three independent experiments. 

2. Effect of pacutaxel on IL-1 inoucedap-1 dnabindwo activity, 
15 AP-l DNA 

Binding activity was assayed with a radiolabeled human AP-I sequence 
probe and gel mobility shift assay. Extracts from chondrocytes untreated or treated with 
various amounts of paclitaxel (10*' to 10** M) followed by IL-10 (20 ng/ml) were 
incubated with excess probe on ice for 30 minutes, followed by non-dftnaniring gel 
• 20 electrophoresis. The "com* lane contains excess unlabeled AP-1 oligonucleotide. The 
results shown an representative of three i nd e p en dent experiments. 

J. Effect of pacutaxel on IL*1 induced MMP-l and mmp-3 mRNa 

EXPRESSION 

Ceils west treated with paclitaxel at various concentrations (10* 1 to 10 4 
25 M) for 24 hours. Then, treated with IL-ip (20 ng/ml) for additional 18 hours in the 
presence of paclitaxel Total RNA was isolated, and the MMP-l mRNA levels were 
determined by Northern blot analysis. The blots were subsequently stripped and 
reprobed with ^-radiolabeled rat OAPDH cDNA, wmeh was used as a housekeeping 
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gene. The results shown are representative of four independent experiments. 
Quantitation of collagenase-1 and stromeiysuMxpreasion mRNA levels. The MMP-1 
and MMPO expression levels were normalized with GAPDH. 

4. Effect of other anti-microtubules on coixagenase expression 
5 Primary chondrocyte cultures were freshly isolated from calf cartilage. 

The ceils were plated at 2.5 x 10* per ml in 100 x 20 nun culture dishes and incubated in 
Ham's F12 medium containing 5% FBS overnight at 37 8 C. The cells were starved in 
serum-free medium overnight and then treated with anu-rmcrotubuie agents at various 
concentrations for 6 hours. IL-l (20 ng/ml) was then added to each plate and the plates 

10 incubated for an additional 18 hours. Total RNA waa isolated by the acidified 
guanidine isothiocyanate method and subjected to electrophoresis on a denatured gel 
Denatured RNA samples (15 ug) were analyzed by gel electrophoresis in a 1% 
denatured gel, transferred to a nylon membrane and hydridized with the "P-labeiled 
collagenase cDNA probe. "?-Iabelled glyceraldehyde phosphate dehydrase (GAPDH) 

15 cDNA as an internal standard to ensure roughly equal loading. The exposed films were 
scanned and quantitatively analyzed with ImageQuant 

B. Results 

/. Promoters on the family of matrix metallofroteznases 

Figure 19A shows that all matrix metailoproteinases contained the 
•20 transcriptional elements AM and PEA-3 with the exception of Gelatinise B. It has 
bean well rrfahtishfd that expression of matrix metailoproteinases such as collagenases 
and stromerysins ate dependent on the ecu virion of the transcription factors AP-l. 
Thus inhibitors of AP-l would inhibit the expression of matrix metailoproteinases. 

I Effect of facutaxzl on AP- 1 transcriftional activity 
25 As demonstrated in Figure 19B, IL-l stimulated AP-l transcriptional 

activity 5-fold. Preiitatment of trsnsieotty transfected chondrocytes with paclitaxei 
reduced IL-l induced AP-l reporter gene CAT activity. Thai, IL-l induced AP-l 
activity was reduced in chondrocytes by paclitax ei in a concen tra tion d epen d ent manner 



(O 1999 Copyright Derwent Information Ltd. 



WOtt/24427 



PCT/CAt7*0»10 



93 

(10 <T to 10"* M). These date demonstrated that p&clitaxet was a potent inhibitor of AP-1 
activity in chondrocytes. 

3. Effect of paclttaxel on aP- 1 DNA binding activity 

To confirm that paclitaxel inhibition of AP-l activity was not due to 
5 nonspecific effects, the effect of paclitaxel on IL-1 induced AP-l binding to 
oligonucleotides using chondrocyte nuclear I y sates was examined. As shown is Figure 
19C, IL-l induced binding activity decreased in ly sates from chondrocyte which have 
been pretreated with paclitaxel at concentration 10*' to Iff* M for 24 hours. Paclitaxel 
inhibition of AP-1 transcriptional activity closely correlated with the decrease in AP-1 
10 binding to DNA. 

4. Effect of paclitaxel on collagen ase and stromelysin expression 
Since paclitaxel was a potent inhibitor of AP-l activity, the effect of 

paclitaxel or IL-1 induced collagenase and stromelysin expression, two important 
matrix metalloproteinases involved in inflammatory diseases was examined. Briefly, as 

15 shown in Figure 20, IL-1 induction increases collagenase and stromelysin mRNA levels 
in chondrocytes. Pretreatznent of chondrocytes with paclitaxel for 24 hours 
significantly reduced the levels. of collagenase and stromelysin mRNA. At 10*' M 
paclitaxel, there was complete inhibition. The results show that paclitaxel completely 
inhibited the expression of two matrix metalloproteinases at concentrations similar to 

20 which it inhibits AP-1 activity. 

5. Effect of other anti-mi crotubules on collagenase expression 
Figures 12A-H demonstrate that anti-raicrotubule agents inhibited 

collagenase expressway Expression of collagenase was stimulated by the addition of 
IL-1 which is t proinftaunatory cytokine. rYe-incubation of chondrocytes with various 
25 anu-niicrotubule agents, specifically LY2901S1, hexylene glycol, deuterium oxide, 
glycine ethyl ester, AIF„ rubercidin cpothilone, and ethylene glycol bis- 
(succirumicVlsuccinate), ail prevented IL-l-mduced collagenase expression at 
concentrations as 1 was I x 10* 7 M. 
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c. Bttflaapj 

Paclitaxcl was capable of inhibiting collagenase and stromelysio 
expression in vitro at concentrations of 10* M. Since this inhibition can be explained 
by the inhibition of AM activity, a required step in the induction of all matrix 
5 metallopfoteinases with the exception of gelatinase B, it is expected that paclitaxei 
would inhibit other matrix metailoproteinases which are AP-1 dependent The levels of 
these matrix metailoproteinases are elevated in all inflammatory diseases and play a 
principle role in matrix degradation, cellular migration and proliferation, and 
angiogenesis. Thus, paclitaxei inhibition of expression of matrix metailoproteinases 
10 such as collagenase and stromelysin will have a beneficial effect in inflammatory, 
diseases. 

EXAMPLE 9 
Effect op Anti-Microtubule agents on the 
Expression op Proteoglycans 

15 

Primary chondrocyte cultures were freshly isolated from calf cartilage. 
The cells were plated at 2.5 x 10* per ml in 100 x 20 mm' culture dishes and incubated in 
Ham's F12 medium containing 5% FBS overnight at 37*C The cells were starved in 
serum-free medium overnight and then treated with anti-microtubule agents at various 

20 coiicemiaaoMaa'MJO^KU IL-t (20 ng/ml) was then 

added to each plate and the plates incubated for an additional IS hours. Total RNA was 
isolated by tha acidified guanidine isochiocyanato method and subjected to 
electrophoresis on a denatured gel. Denatured RNA samples (15 ug) were analyzed by 
gel electrophoresis in a IS denatured gel, uansferred to a nylon membrane and 

25 hydridszed with the "P-labeUed proteoglycan (aggrecan) cDNA probe. "P-labeiled 
glyceraldehyde phosphate deny drase (OAPDH) cDNA as an internal standard to ensure 
roughly equal loading. The exposed films were scanned and quantitatively analyzed 
with ImageQuant 
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Results 

Figures 13A-H show that the ami-microtubule agents which had an 
inhibitory effect on coliagenase expression (Example 8), specifically LY290181, 
hexylene glycol, deuterium oxide, glycine ethyl ester. A1F„ tubercidin epothilone and 
5 ethylene glycol bisKs^mmudylsuccuiate), did not affect the expression of aggrecan, a 
major component of cartilage matrix, at all concentrations evaluated 

EXAMPLE 10 
NF-kB activity (cell-based) assay 

10 IL-1 and TNF were both identified as being proinflammatory cytokines 

that activate the transcription of genes driven by a transcription factor named NF-kB 
also involved in inflammatory processes. The inflammatory effect of IL-1 and TNF can 
therefore be indirectly assessed by means of a reporter gene assay (NF-kB) responding 
to IL-1 and TNF stimulation. 

15 On day one, 5 x 10 4 NIH-3T3 (murine fibroblast), stably transacted with 

a NF-kB reporter construct (Luciferase, Promega Corp.), were plated per well (24- well 
plate). Once confluent (on day 3-4), cells were starved by replacing the complete 
medium with 1 ml of serum-free medium. Following a 24-hour starvation, cells were 
treated with various concentrations of enti-microtubule agents 6 hours prior to the 

20 addition of IL-1 (20 ng/ml) and TNF (20 ng/ml). Cells were exposed to IL-l and TNF 
for 1 hour and 16 hours and NF-kB activity measured 24 hours later. On day five, the 
medium was discarded and the cells were rinsed once with PBS. Cells were then 
extracted for 15 minutes with 250 ui of lysis buffer (Promega Corp., Wisconsin). NF- 
kB transcriptional activity was assessed by adding 25 yd of luciferase substrate to a tube 

25 cctaaming 2.5 pi of cell extract The tube was immediately inserted in a luminometer 
(Turner Designs) and light emission measured for 10 seconds. The luciferase data were 
then normalised for protein concentration. 
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The dan were expressed by showing the interference that the anti- 
microtubule agents exhibited on NF-kB induction (fold induction). As shown in Figure 
■ 80A, 80B, 80C and 80D, tubercidin and paclitaxel inhibited both IL-l- and TNF- 
5 induced NF-icB activity. The inhibitory effect of tubercidin and paciitaxel for the 6- 
hour and 24-hour treatments were around 10 uM and 2 jiM, respectively. 
••• 

EXAMPLE 11 
Inhibition of Tumor angiocenesis by Paclitaxel 

10 

Fertilized domestic chick embryos are incubated for 4 days prior to 
having their shells removed. The egg contents are emptied by removing the shell 
located around the airspace, severing the interior shell membrane, perforating the 
opposite end of the shell and allowing the egg contents to gentry slide out from the 

15 blunted end. The contents are emptied into round-bottom sterilized glass bowls, 
covered with petri dish covers and incubated at 90% relative humidity and 3% carbon 
dioxide. • - 

MDAY-D2 ceils (a murine lymphoid tumor) are injected into mice and 
allowed to grow into tumors weighing 0.5-1.0 g. The mice are sacrificed, the tumor 

20 sites wiped with alcohol, excised, placed in sterile tissue culture media, and diced into I 
mm pieces under a laminar flow hood. Prior to placing the dissected tumors onto the 9- 
day old chick embryos, CAM surfaces are gently scraped with a 30 gauge needle to 
ensure tumor implantation . The tumors are then placed on the CAM* after 8 days of 
incubation (4 days ate deaheUing), and allowed to grow on the CAM for four days to 

25 establish g vascular supply. Four embryos are prepared utilizing this method, each 
embryo receiving 3 tumors. On day 12, each of the 3 tumors on the embyros received 
either 20% pacJitaxd-loeded thermopaste, unloaded thermopaste, or no treatmenl The 
treatments were continued for two days before the results were recorded. 

The expianted MDAY-D2 tumors secrete angiogenic factors which 

30 induce the ingrowth f capillaries (derived from the CAM) into the tumor mass and 
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allow it to continue to grow in size. Since ail the vessels of the tumor are derived from 
the CAM, while all the rumor cells are derived from the explant, it is possible to assess 
the effect of therapeutic interventions on these two processes independently. This assay 
has been used to determine the effectiveness of paclitaxeMoaded thermopaste on; (a) 
5 inhibiting the vascularization of the tumor and (b) inhibiting the growth of the tumor 
cells themselves. 

Direct in vivo stereomicroscopic evaluation and histological examination 
of fixed tissues from this study demonstrated the following. In the tumors treated with 
20% paclitaxeMoaded thermopaste, there was a reduction in the number of the blood 

10 vessels which supplied the tumor (Figures 14C and 14D), a reduction in the number of 
blood vessels within the tumor, and a reduction in the number of blood vessels in the 
periphery of the tumor (the area which is typically the most highly vascularized in a 
solid tumor) when compared to control turners (Figures 14A and 14B). The tumors 
began to decrease in size and mass during the two days the study was conducted 

15 Additionally, numerous endothelial cells were seen to be arrested in cell division 
indicating that endothelial cell proliferation had been affected Tumor cells were also 
frequently seen arrested in mitosis. All 4 embryos showed a consistent pattern with the 
20% paclitaxeMoaded thermopaste suppressing tumor vascularity while the unloaded 
thermopaste had no effect 

20 By comparison, in CAMs treated with unloaded thermopaste, the rumors 

were well vascularized with an increase in the number and density of vessels when 
compared to that of the normal surrounding tissue, and dramatically more vessels than 
wen observed in the tumors treated with paclitaxeMoaded piste. The newly formed 
vessels entered the tumor from all angles appearing like spokes attached to the center of 

25 a wheel (Figures 14A and 14B). The control tumors continued to increase in size and 
mass during the course of the study. Histologically, numerous dilated thin-wailed 
capillaries were seen in the periphery of the tumor and few endothelial ceils were seen 
to be in cell division. Hie tumor tissue was well vascularized and viable throughout 

As an example, in two sunilariy-sized (initially, at the time of 

30 expiantation) tumors placed on the same CAM the f llowing dam was obtained For the 
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tumor treated with 20% paditaxeMoaded thermopaste the tumor measured 330 mm x 
597 mm; the immediate periphery of the tumor has 14 blood vessels, while the tumor 
mass has only 3-4 small capillaries. For the tumor treated with unloaded thermopaste 
the tumor size was 623 mm x 678 mm; the immediate periphery of the tumor has 54 
5 blood vessels, while the tumor mass has 12-14 small blood vessels. In addition, the 
surrounding CAM itself contained many more blood vessels as compared to the area 
surrounding the paclitaxel-treated tumor. 

This study demonstrates that thermopaste releases sufficient quantities of 
pacUtaxel to inhibit the pathological oncogenesis which accompanies tumor growth 

10 and development Under these conditions angio genesis is maximally stimulated by the 
tumor cells which produce angiogenic factors capable of inducing the ingrowth of 
capillaries from the surrounding tissue into the tumor mass. The 20% paditaxeMoaded 
thermopaste is capable of blocking this process and limiting the ability of the tumor 
tissue to maintain an adequate blood supply. This results in a decrease in the tumor 

15 mass both through a cytotoxic effect of the drug on the tumor cells themselves and by 
depriving the tissue of the nutrients required for growth and expansion. 

EXAMPLE 12 ' 
Inhibition op anoiocenesis by Pacutaxel 

a. Qua QgriMtlmttic Mantnas Am* 

20 Fertilized, domestic chick embryos were incubated for 3 days prior to 

shell-less cuituring. In this procedure, the egg contents were emptied by removing the 
shell located around the air space. The interior shell membrane was then severed and 
the opposite cad of the shell was perforated to allow the contents of the egg to gently 
slide out tan the blunted end The egg contests went emptied into round-bottom 

25 sterilized glass bowls and covered with petri dish covers. Tbese were then placed into 
an incubator at 90S relative humidity and 3% CO2 and incubated for 3 days. 

Paclitaxel (Sigma, St Louis, MI) was mixed at concentrations of 0 25, 
0.5, 1, 5, 10, 30 ug per 10 ul aliquot of 0.5%' aqueous methylcellulose. Since paclitaxel 
is insoluble in water, glass beads were used to produce fine particles. Ten microliter 
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aiiquots of this soiution were dried on parafilm for 1 hour forming disks 2 mm in 
diameter. The dried disks containing paclitaxel were then carefully placed at the 
growing edge of each CAM at day 6 of incubation. Controls were obtained by placing 
paclitaxel-free methyiceilulose disks on the CAMs over the same time course. After a 2 
5 day exposure (day 8 of incubation) the vasculature was examined with the aid of a 
stereomicroscope. Liposyn II, a white opaque solution, was injected into the CAM to 
increase the visibility of the vascular details. Tte vasculature of unstained, living 
embryos were imaged using a Zeiss stereomicroscope which was interfaced with a 
video camera (Dage-MTI Inc., Michigan City, IN). These video signals were then 

10 displayed- at I60x magnification and captured using an image analysis system (Vidas, 
Kontron; Etching, Germany). Image negatives were then made on a graphics recorder 
(Model 3000; Matrix Instruments, Orangeburg, NY). 

The membranes of the 8 day-old shell-less embryo were flooded with 
2% glutaraldehyde in 0.1 M sodium cacodylate buffer, additional fixative was injected 

IS under the CAM. After 10 minutes in situ, the CAM was removed and placed into fresh 
fixative for 2 hours at room temperature. The tissue was then washed overnight in 
cacodylate buffer containing 6% sucrose. The areas of interest were postfixed in 1% 
osmium tetroxide for 1.5 hours at 4°C. The tissues were then dehydrated in a graded 
series of ethanols, solvent exchanged with propylene oxide, and embedded in Spun 

20 resin. Thin sections were cut with a diamond knife, placed on copper grids, stained, and 
examined in a Joel 1200EX electron microscope. Similarly, 0.5 mm sections were cut 
and stained with toluene blue for light microscopy. 

At day 11 of development, chick embryos were used for the corrosion 
casting technique. Mercox resin (Ted Pella, Inc., Redding. CA) was injected into the 

25 CAM vasculature using a 30-gauge hypodermic needle. The casting material consisted 
of 15 grams of Mercox CL-2B polymer and 0.05 grama of catalyst (55% benzoyl 
peroxide) hiving a 5 minute polymerization time. After injection, the plastic was 
allowed to sit in situ for an hour at room temperature and then overnight in in oven at 
65°C. The CAM was then placed in 50H aqueous solution of sodium hydroxide to 

30 digest ail organic c om p on ents. The plastic casts were washed extensively in distilled 
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water, air-dried, coated with gold/palladium, and viewed with the Philips 50 IB 
scanning electron microscope. 

Results of the above experiments are shown in Figures 15-18. Briefly, 
the general features of the normal chick shell-less egg culture are shown in Figure i 5 A. 
5 At day 6 of incubation, the embryo is centrally positioned to a radially expanding 
network of blood vessels; the CAM develops adjacent to the embryo. These growing 
vessels lie close to the surface and are readily visible making this system an idealized 
model for the study of angiogenesis. Living, unstained capillary networks of the CAM 
can be imaged noninvasively with a stereomicroscope. Figure 15B illustrates such a ' 

1 0 vascular area in which the cellular blood elements within capillaries were recorded with 
the use of a video/computer interface. The 3 -dimensional architecture of such CAM 
capillary networks is shown by the corrosion casting method and viewed in the 
scanning electron microscope (Figure 15Q. These castings revealed underlying vessels 
which project toward the CAM surface where they form a single layer of anastomotic 

15 capillaries. 

Transverse sections through the CAM show an outer ectoderm consisting 
of a double cell layer, a broader mesodermal layer containing capillaries which lie 
subjacent to the ectoderm, adventitial cells, and an inner, single endodermal cell layer 
(Figure 15D). At the electron microscopic level, the typical structural details of the 

20 CAM capillaries are demonstrated. Typically, these vessels lie in close association with 
the inner cell layer of ectoderm (Figure 15E). 

After 41 hours exposure to paditaxel at concentrations of 0.25, 0.5, 1, 5, 
1 0, or 30 ug, each CAM was examined under living conditions with a stereornicroscope 
equipped with a video/computer interface in order to evaluate the effects on 

25 angiogenesis. This imaging setup was used at a magnification of 160x which permitted 
the direct visualization of blood cells within the capillaries; thereby blood flow in areas 
of interest could be easily assessed and recorded. For this study, the inhibition of 
angiogenesis was defined as an area of the CAM (measuring 2-6 mm in diameter) 
lacking a capillary network and vascular blood flow. Throughout the experiments, 

30 avascular zones were assessed on a 4 point avascular gradient (Table I). This scale 
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represents the degree of overall inhibition with maximal inhibition represented as a 3 on 
the avascular gradient scale. Paclitaxel was very consistent and induced a maximal 
avascular zone (6 mm in diameter or a 3 on the avascular gradient scale) within 48 
hours depending on its concentration. 



TABLE 1 
AVASCULAR GRADIENT 

0 - normal vascularity ~— ~ _ ______ 

1 - lacking some microvascular movement 

2*" small avascular zone approximately 2 mm in diameter 

3 *" a vascularity extending beyond the disk (6 mm in diameter) 

"~ * " • - indicates a positive anuangiogenesis response 

The dose-dependent, experimental data of the effects of a various 
therapeutic agents at different concentrations are shown in Table 2. 



TABLE 2 



Agent DcUYCTY Vcfajglg , CfflCTOTtion inhibition/!! 

paclitaxel methylceilulose(lOul) 0.25 ug 2/11 

methylceUulose (lOul) 0.5 ug 671 1 

methylcdlulose(lOul) lug 6715 

methylceUulose (lOul) 5 ug 20/27 

methylceUulose (lOul) 10 ug 16721 

methylceUulose (lOul) 30 ug 31/31 

PCL paste (3mg) 0.05% 0/9 

PCL paste (3mg) 0.1 OH 1/8 

PCL paste (3 mg) 0.25% 5/7 

PCL paste (3 mg) 0.5% 4/4 

PCL paste (3mg) 1% 8/8 

PCL paste (3 mg) 2% 10/10 

PCL paste (3 mg) 5% 10/10 

PCL paste (3mg) 10% 9/9 

PCL paste (3mg) 20% 676 

20%gdatin:60%PCL paste 20% 5/6 
(3mg) 

gelatin (Img) 20% 17/17 

opthalmic suspension (2xl0ul) 0.3% 1/12 

i(2xl5ul) 0.3% 3/3 
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pycnogeaol 
(proaiiuHocyamdin) 



verotoxin 



Delivery Vehicle 


Concentration 


Inhibitiony^ 


ophthalmic suspension (lxl5ul) 


0.3% 


15/15 


ophth. microsphere suspension 


10°/o 


4/4 


(15ul) 




stent coating (~lmg) 


2j% 


5/5 


stent coating (-lmg) 


10% 


1/1 


stent coating (~lmg) 


33V, 


3/3 


cyclodexthn solution (IOul) 


10% 


5/5 


mi cellar formulation dry (lmg) 


10% 


too toxic 


mi cellar solution (lOul) 


10% 


too toxic 


mice liar solution (lOul) 


4ug 


l/l - too toxic 


Cremophor Taxol (lOul) 


4ug 


1/1 • too toxic 


4PCL; I MePEG flakes (lmg) 


20% 


10713 


PCL:MePEG paste (3mg) 


20% 


6/9 


microspheres (rauco adhesive) 


20% 


it f 


microspheres (EVA) 


0.6% 


2/2 


microspheres (30-100um) -slow 


20% 




release 




microspheres (30-100ura) -slow 


10% 


1/8 


release 






microspheres ( IO»30um) -med 
release 


20% 


5/6 


microspheres ( 1 0-3 Oum) -med 
release 

microspheres (l-10um) -fast 
release 


10% 


5/9 


20% 


8/11 


microspheres (1-I0um) -fast 


10% 


9/9 


release 






pane (2m g) 


2ug 


2/3 


metfaylceUulose (Sul) 


5ug 


4/7 


PCL paste (3 rag) 


1% 


0/13 


PCL paste (3mg) 


2% 


6/3 


PCL paste (3mg) 


20% 


0/1 


PCL:MePEu paste (3mg) 


2% 


1/1 


95PCL:5MePEG paste (3mg) 


1% 


0/6 


95PCL:5MePEG paste (3mg) 


10% 


0/5 


metrry i cellulose (lOul) 


ZUg 


0/8 


opiithalmic suspension (IxlOul) 


1% 


3/4 


ophthalmic suspension (2x1 5ul) 


1% 


l/l 


meifaylceirulose(lOul) 


lOug 


1/18 


PCL paste (3mg) 


15% 


1/2 


PCL paste (3mg) 


30% 


too toxic 


methylceihilose (lOul) 


lOag 


0/8 


methylcellulose (lOul) 


675og 


072 
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Agent 


Delivery Vehicle 


Cflncentratiori 


Inhibit^n/n 


heparan sulphate 


methylcellulose(lOul) 


0.2ug 


0/6 


fragment (1) 






heparan sulphate 


methylcellulose (lOul) 


0.4ug 


0/7 


fragment (2) 




vanadate 


microspheres (lmg) 


5% 


0/5 


vanadyl sulphate 


PCL paste (3mg) 


2.5% 


0/3 


BMOV 


PCL paste (3mg) 


10% 


too toxic 




PCL paste (3mg) 


25% 


too toxic 


BEOV 


PCL paste (3mg) 


35% 


too toxic 


PCL paste (3rag) 


10% 


too toxic 


s-phosphonate 


80%PLA:20%MePEG paste 


20% 


too toxic 




(lmg) 






PCL paste (lmg) 


2% 


2/7 




PCL paste (3mg) 


1% 


0/9 




PCL paste (3mg) 


2% 


0/6 




PCL paste (3mg) 


4% 


0/3 




PCL paste (3mg) 


8% 


1/9 


tamoxifen 


methylcellulose (lOul) 


5ug 


0/2 


snarx cartilage powaer 


vr/A 

N/A 


lmg 


0/5 


phosphate 


r\x paste (Jmg) 


5% 


0/6 




rt-L paste (3mg) 


10% 


0/6 


vuiDiasuDe 


wj.iWuIj.-l1I.-1 / 1 /V.l\ 

metnyiceiiuiose ( l Qui) 


9ug 


too toxic 




metnyiceiiuiose ( 1 Oui) 


2ug 


too toxic 




PCL paste (3mg) 


0.25% 


4/6 




. PCL paste (3 mg) 


0.5% 


0/4 




PCL paste (3mg) 


1% 


2/3 




PCL paste (3mg) 


2% 


too toxic 


vincristine 


111 .iLllt .ill. 111! 1 1 /V.l\ 

metnyiceiiuiose (lOul) 


9ug 


too toxic 




metnyiceiiuiose ( 1 Oui) 


lug 


too toxic 




PCL paste (3mg) 


0.05% 


1/1 - too toxic 




rv.L paste (Jmg) 


0.1% 


2/2 • too toxic 




PCL paste (Jmg) 


0.25% 


1/1 - too toxic 




PCL paste (3mg) 


0.5% 


too toxic 




rvt pasts ijrogj 


144 
171 


too toxic 




PCL paste (3mg) 


2% 


too toxic 


diterpene •! 


methylcellulose (l Oui) 


3ug 


0/5 


diteipeue • 2 


methylcellulose (lOul) 


3ug 


0/5 


lavendustine-c 


PCL paste (3mg) 


10% 


0/14 




PCL paste (3mg) 


20% 


0/10 


MDHC (tyrosine 


PCL paste (3mg) 


20% 


ova 


inhibitor) 








cfbstafin 


PCL paste (3mg) 


20% 


0/5 - too toxic 


genistein 


PCL paste (3mg) 


10% 


0/7 
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Agent 
herbimysin 
camptothecin 

suramin and cortisone 
acetate 



suramin and tetrahydo S 
protamine sulphate 

TIMP 
colchicine 

Typical peclitaxeMreated CAMs are also shown with the transparent 
methylcellulose disk centrally positioned over the avascular zone measuring .6 mm in 
diameter. At a slightly higher magnification, the periphery of such avascular zones is 
5 clearly evident (Figure 16Q; the surrounding functional vessels were often redirected 
away from the source of paciitaxei (Figures 16C and 16D). Such angular redirecting of 
blood flow was never observed under normal conditions. Another feature of the effects 
of paciitaxei was the formation of blood islands within the avascular zone repres enting 
the aggregation of blood cells. 

1 0 The associated morphological alterations of the paclitaxel-trested CAM 

are readily apparent at both the light and electron microscopic levels. For the 
convenience of prese nt ation, three distinct phases of general transition from the normal 
to the avascular state are shown. Near the periphery of the avascular zone the CAM is 
hallmarked by an abundance of mitotic cells within all three germ layers (Figures 17A 

15 and ISA). This enhanced mitotic division was also a consistent observation for 
capillary endothelial cells. However, the endothelial cells remained junctional^ intact 
with no extravasation of blood cells. With further degradation, the CAM is 
characterized by the breakdown and dissolution of capillaries (Figures 17B and 18B). 



Deliver Vehicle 
PCL paste (3mg) 
PCL paste (3mg) 
PCL paste (3mg) 
PCL paste (3mg) 
PCL paste (3mg) 
PCL paste (3mg) 
methylcellulose (lOul) 

methylcellulose (lOul) 
methylcellulose (tOul) 
methylcellulose (1 Oul) 
methylcellulose (lOul) 
methylcellulose (lOul) 
methylcellulose ( I Oul) 
methylcellulose (lOul) 
methylcellulose (1 Oul) 
methylcellulose (lOul) 





Inhibition, 


20% 


0/4 


2% 


3/4 


0.5% 


1/i 


0.25% 


3/4 


1% 


2/3 


5% 


4/5 


20ug/70ug 


2/4 


50ug/40ug 


5/14 


50ug/50ug 


3/26 


20ug/50ug 


0/24 


70ug/70ug 


0/9 


50ug/50ug 


0/6 


50ug 


0/10 


lOOug 


1/10 


I5ug 


0/5 


3ug 


1/1 - too toxic 
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The presumptive endothelial cells, typically arrested in mitosis, still maintain a close 
spatial relationship with blood cells and lie subjacent to the ectoderm; however, these 
cells are not junctionally linked. The most central portion of the avascular zone was 
characterized by a thickened ectodermal and endodermal layer (Figures 17C and 18Q. 
5 Although these layers were thickened, the cellular junctions remained intact and the 
layers maintained their structural characteristics. Within the mesoderm, scattered 
mitoticaily arrested cells were abundant; these cells did not exhibit the endothelial cell 
polarization observed in the former phase. Also, throughout this avascular region, 
degenerating cells were common as noted by the electron dense vacuoles and cellular 

10 debris (Figure ISC). 

In summary, this study demonstrated that 48 hours after paclitaxel 
application to the CAM, angiogenesis was inhibited. The blood vessel inhibition 
formed an avascular zone which was represented by three transitional phases of 
paclitaxeJ's effect The central, most affected area of the avascular zone contained 

1 5 disrupted capillaries with extravasated red blood cells; this indicated that intercellular 
junctions between endothelial cells were absent The cells of the endodenn and 
ectoderm maintained their intercellular junctions and therefore these germ layers 
remained intact; however, they were slightly thickened. As the normal vascular area 
was approached, the blood vessels retained their junctional complexes and therefore 

20 also remained intact At the peri p h ery of the paclitaxel-treated zone, further blood 
vessel growth was inhibited which was evident by the typical redirecting or "elbowing" 
effect of the blood vessels (Figure 16D). 

Pachtaxel-treated avascular zones also revealed aa abundance of cells 
arrested in mitosis in all three germ layers of the CAM; this was unique to paclitaxel 

25 since no previous study has illustrated such an event By being arrested in mitosis, 
e n d othcM sl cells could not undergo their normal metabolic functions involved in 
angiogenesis In comparison, the avascular zone formed by suramin and cortisone 
acetate do not produce mitoticalry arrested cells in the CAM; they only prevented 
further blood vessel growth into the treated area, Therefore, even though these agents 
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are anti-angiogenic, there are many points in which the angiogenesis process may be 
targeted. 

The effects of paclitaxel over the 48 hour duration were also observed. 
During this period of observation it was noticed that inhibition of angiogenesis occurs 

5 as early as 9 hours after application. Histological sections revealed a similar 
morphology as seen in the first transition phase of the avascular zone at 48 hours 
illustrated in Figures 17A and 18 A. Also, we observed in the revascularization process 
into the avascular zone previously observed. It has been found that the avascular zone 
formed by heparin and angiostatic steroids became revascularized 60 hours after 

10 application. In one study* pactitaxel-treated avascular zones did not revaacularize for at 
least 7 days after application implying a more potent long-term effect 

EXAMPLE 13 

Effect of Pacutaxel and Camftothecin on LNCaP Cell Proliferation 
Materials and Methods 

15 LNCaP cells were seeded at concentrations of 2x10* end 1x10* cells/well 

respectively in 96 well plates. After 48 hours, different concentrations of paclitaxel or 
camptothecin (25ui) were added in each culture well and the plates were incubated at 
3T»C for 5 days. After incubation, the cells were fixed with IH glutaraldehyde 
solution, and stained for 5 minutes with 0.5% crystal violet The dye was successively 

20 eluted with 100 ul of buffer solution and the abaorbancc was read on a Titertek 
Mulatto microplats reader using a wavelength of 492 ran Absorbancc. Cell growth 
was expressed as a percentage relative to control wells in the absence of the compound 
(set at 100%). 

Results 

25 Paclitaxel inhibited LNCaP cell growth with as EC* of approximately 

0.09 nM. Apoptosis experiments were performed on the ceU* in the wells after 
paclitaxel treatment using DNA fragmentation assay* Extensive apoptosis of cells was 
observed indicating that paclitaxel was cytotoxic by so apoptotic i 
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Camptothecin was extremely potent in its cytotoxic action against 
LNCaP cells. Concentrations as low as 0.00 1 nM were toxic to over 60*/» of cells. 
Therefore, the EC, 0 for this drug against LNCaP cells must lie in the femtomolar 
concentration range. 

5 

Table I 



N 


Paclitaxel (nM) 


492 nm Absorbance 


% Growth 


16 


0.001 


0.049t0.05 


100 


16 • 


0.01 


0.4Ot0.03 


81 


8 


0.05 


0.36±0.02 


73 


8 


0.1 


0.20±0.03 


40 


8 


I 


0.025±0.01 


5 


8 


10 


0.027±0.01 


5 


8 


100 


0.033±0.0l 


6 


49am AtaortMM of mmi « 


0 49*0.0* 








Table 2 




N 




492 nm Absorbance 


% Growth 


16 


0.001 


0.169t0.05 


36 


8 


0.05 


0.14±0.04 


29 


8 


0.1 


0.10±0.02 


21 


8 


1 


0.10*0.02 


21 


8 


10 


0.088±0.02 


17 


15 


100 


0.038t0.01 


8 




'MhW 







EXAMPLE 14 

1 5 antt-anqjogenesjs activity or Additional anti-Mictotubule agents 

In addition to paclitaxel, other ina-microtubule agents can likewise be 
taoorporated within polymeric carriers. Representative examplei which art provided 
below include campothecin and vine* alkaloids such as vinblastine and vincristine, and 
20 microtubule smbiliang agents such as tubercidin, aluminum fluoride and LY290181. 
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A. Incorporation of Agents into PH. 

Agents were ground with a mortar and pestle to reduce the particle size 
to below 5 microns. This was then mixed as a dry powder with polycaprolactone 
(molecular wl 18,000 Biraingham Polymers, AL USA). The mixture was heated to 
5 65°C for 5 minutes and the molten polymer/agent mixture was stirred into a smooth 
paste for 5 minutes. The molten paste was then taken into a 1 ml syringe and extruded 
to form 3 rag pellets. These pellets were then pieced onto the CAM on day 6 of 
gestation to assess their anti-angiogenic properties. 

B. Effects of Cammothecin-loaded PCL Paste on the 

10 Camptothecin-loaded thertnopaste was effective at inhibiting 

angiogenesis when compared to control PCL pellets. At 5% drug loading, 475 of the 
CAMs tested showed potent angiogenesis inhibition. In addition, at [% and 0.25% 
loading, 2/3 and % of the CAMs showed angiogenesis inhibition respectively. 
Therefore, it is evident from these results that camptothecin was sufficiently released 

1 5 from the PCL thermopaste and it has therapeutic ami- angiogenic efficacy. 

C. Effects of Vinblastine > and Vincristine > loaVlcttPCL Paste on the CAM 

When testing the formulations on the CAM, it was evident that the 
agenu were being released from the PCL pellet in sufficient amounts to induce a 
biological effect Both vinblastine and vincristine induced anti-angtogenic effects in the 
.20 CAM amy when compared to control PCL thermopaste pellets. 

At concentrations of 0.5% and 0.1% drug loading, vincristine induced 
an gio ge ne si s inhibition in all of the CAMs tested. When concentrations exceeding 2°/« 
were tested, toxic drug levels were achieved and unexpected embryonic death occurred. 

Vinblastine was also effective in inhibiting angiogenesis on the CAM at 
25 concentrations of 0.25%, 0.5% and 1%. However, at rancentrations exceeding 2%. 
vinblastine was toxic to the embryo. 
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D. Effects of Tubercidin-loaded PCL Paste on tfeg C AM 

Tubcrridin-loaded paste was effective at inhibiting angiogenesis when 
compared to control pellets. At 1% drug loading, tubercidin induced angiogenesis 
inhibition in 1/3 CAMs tested However, at greater drug concentrations of 5% drug 
5 loading, tubercidin potently inhibited angiogenesis in 2/3 CAMs. Therefore, it was 
evident frtom these results that tubercidin was sufficiently released from the PCL paste 
and it has potent anti-angiogenic activity. 

E. Effects of Aluminum Fluoridc -loaded PCT Paste on the CAVj 

PCL pastes loaded with aluminum fluoride (AIF 3 ) were effective at 
10 inhibiting angiogenesis at a 20% drug loading when compared to control pellets. At 
20% drug loading, 2/4 CAMs showed angiogenesis inhibition as evident by an 
avascular zone measuring between 2 to 6 mm in diameter. However, at lower drug 
loading, I % and 5%, angiogenesis inhibition was not evident (0/6 and 0/5 CAMs, 
respectively). Therefore, aluminum fluoride was effective at inducing angiogenesis 
1 5 inhibition only at higher drug concentrations. 

F. Effwt of LY2W «4mM PCL Pate on Ac CAM 

Assessment of PCL paste loaded with 5% LY290181 on the CAM, 
revealed that LY290181 induced angiogenesis inhibition in 1/3 CAMs tested. 
However, at 1% drug loading, LY290IS1 did not induce an anti-angiogenesis response 

•20 (n-2). 

EXAMPLE 15 

Effect of Paojtaxel on Viabiuty of Non-Prgufouttno Cells 

While it is important that a disease-modifying agent be capable of 
25 strongly inhibiting a variety of inappropriate cellular activities (proliferation, 
inflammation, proteolytic enzyme production) which occur in excess during the 
development f chronic inflammation, it must not be toxic to the normal tissues. It is 
particularly critical that normal cells not be damaged, as tins would lead to progression 
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of the disease. In this example, the effect of paclitaxel on nonnal non-dividing cell 
viability in vitro was examined, utilizing cultured chondrocytes grown to confluence. 

Briefly, chondrocytes were incubated in the presence (10*' M, 10*' M, 
and 1C* M) or absence (control) of paclitaxel for 72 hours. At the end of this time 
period, the total number of viable cells was determined visually by trypan blue dye 
exclusion. This experiment was conducted 4 times and the data collated. 

Results of this experiment are shown in Figure 21. Briefly, as is evident 
from Figure 21, paclitaxel does not affect the viability of normal non-proliferating cells 
in vitro even at high concentrations (10* 5 M) of paclitaxel. More specifically, even at ' 
drug concentrations sufficient to block the pathological processes described in the 
preceding examples, there is no cytotoxicity to normal chondrocytes. 

EXAMPLE 16 
Selection op Permeation Enhancer for 
Topical Paclitaxel Formulation 

A. Paclitaxel solubility in various «ih«ic« 

The following permeation enhancers were examined: Transcutol® 
ethanoL propylene glycol, isopropyl myristate, oleic acid and Transcutoliisopropyi 
myristate (9:1 v:v). One milliliter of each enhancer in glass vials was pre- heated to 
37*C and excess paclitaxel was added A sample of 0.5 ml of the fluid from each vial 
was centriftiged at 37*C and 13000 rem for 2 minutes. Aliquots (0. 1 ml) of supernatant 
from the centrifuge tubes were transferred to volumetric flasks and diluted with 
methanol Paclitaxel content was assessed by high pressure liquid chromatography 
(HPLQ. 

B. Partition coefficient 

A specific quantity of paclitaxel wu dissolved in a volume of enhancer 
heated to 37*0. Aliquots (1 ml) of this solution were added to 1 ml of octanol in a 4 ml 
glass vial. Phosphate buffered saline (1 ml) (pH 7.4) wu then added and the vials 
vonexed to create an emulsion. The vials were placed in a 37*C oven for 16 hours. 
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after which 0. 1 ml of ocianol phase was removed from each vial and diluted with 9.9 ml 
methanol. For the water phases, 0.5 ml was sampled from the oleic acid and isopropyl 
myristate vials and 0.5 ml was sampled from the propylene glycol vials and diluted with 
0.5 ml methanol. From the Transcutol vials, 0. 1 ml was sampled and diluted with 9.9 
5 ml 50:50 Tnnscutol:PBS and 0.1 ml from the ethanol vials was sampled and diluted 
with 50:50 ethanol:PBS. Paclitaxel content was determined by HPLC. Each 
determination was performed in triplicate. 

C. Results 

The solubility of paclitaxel in each enhancer at 37*C is listed in Table 1. 

10 



Table 1: Concentration of Paclitaxel at Saturation in Various Permeation Enhan cers 





Paclitaxel con 


centntioD (mg/mi) 


Enhanctr 


Averagt 


Standard deviation 


Transcutol 9 


346.85 


2.59 


Ethanol 


68.91 


3.49 


Propylene glycol 


21.56 


0.11 


Isopropyl myristate 


0.43 


0.01 


Oleic acid 


0.31 


0.01 


TranscutoU:isopropyl 


353.93 


0.42 


myristate (9:1 v:v) 







The octanol/water partition coefficients, K*», are listed in Table 2. 

Table 2: Octanol/Water Partition Coefficient of Paclitaxel in Various F*h«f»T 
* 15 Solutions ' 







Standard deviation 


Traoacutol 


25.25 


0.27 


EtbMol 


6.88 


0.13 


Propylene glycol 


37.13 


2.48 


Isopropyl nryristUi 


00 




Okie add 


00 





To act effectively, paclitaxel must penetrate the skin to the lower strata 
of the viable epidermis. It has been established that for drugs to penetrate the viable 
epidermis, they must possess an octanol/water partition coefficient of close to 100 
20 (Hadgraft J.R and Walters ft. Drug absorption enhancements, A.O. da Boers Ed., 
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Harwood Publishers, 1994). Based on the results in Tables 1 and 2. propylene glycol 
and Transcutol show the best combination of solubiliang paclitaxel and enhancing its 
partitioning from an oil phase to an aqueous phase. 

However, the produced by both Transcutol and propylene glycol 
5 may be somewhat low, therefore they were combined with isopropyl myristate which 
has an infinite in an attempt to increase the solubility of paclitaxel in the octanol 
phase. Isopropyl myristate and Transcutol were mixed in a 1:9 volume ratio. The 
isopropyl myristate dissolved readily at room temperature in the Transcutol. In order to 
form a homogeneous phase, the propylene glycol and isopropyl myristate were also 
1 0 mixed with ethanol in a ratio of 4:3.5:0.5 propylene glycol:ethanol:isopropyl myristate. 
The results are shown in Table J. 



Table 3: Octanol/Water Partition Coefficients of Paclitaxel in Enhancer 
Combinations 







Standard deviation 


Transcutol*:isopropyl 


43.45 


0.43 


myristate (9:1) 






Propylene 


42.39 


1.66 


glycol:ethanol:isopropyl 






myristate (4.0:3.5:0.5) 







15 



The addition of isopropyl myristate to the Transcutol resulted in a 
significant increase in the partition coefficient However, the propylene 
glyeol:etbanol:isopropyl myristate solution did not result in a significant improvement 
in the partition coefficient over that of propylene glycol alone. This last result, and the 

20 fact mat ethanol has been found to exacerbate the psoriatic condition, effectively 
eliminated this enhancer combination from further consideration. Furthermore, the 
addition of isopropyl myristate actually increased the solubility of paclitaxel over its 
solubility in Transcutol atone. The solubility of paclitaxel in Transcutol was 346.9 
ma/ml whereas in Transcutol:isopropyl myristate combination the solubility increased 

25 to 353.9 mg/mJ. Therefore, this enhancer combination was chosen in the skin studies. 
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EXAMPLE 17 
Preparation and Analysis of Topical 
Pacutaxel Formulations 

A. Preparation of paclitaxel ointmen^ A 

5 Transcutol (3.2 g), isopropyl rayristate (0.3 g), labrasoi (2.5 g), paclitaxel 

(0.01 g) and 0.5 mCi/ml 'H-paclitaxel (0J ml) were combined in a 20 mi scintillation 
vial. In a separate scintillation vial, labraffl (2.5 g), arlacel 165 (1.2 g) and compritol 
(0.3 g) were combined and heated to 70 a C until completely melted. The contents of the 
first scintillation vial are added to the melt vortexed until homogeneous and allowed to 
10 cool. 

B. Preparation of paclitaxel ointment B 

Transcutol (2.5 g), isopropyl myristate (1.0 g), labrasoi (2.5 g), paclitaxel 
(0.01 g) and 0.5 mCi/ml H-paciitaxel (0.3 ml) were combined in a 20 ml scintillation 
vial In a separate scintilUtion vial, labrafil (2.5 g) f arlacel 165 (U g) and compritol 
1 5 (0 J g) were combined and heated to 70°C until completely melted. The contents of the 
first scintillation vial are added to the melt, vortexed until homogeneous and allowed to 
cool 

c. SMn ngaafiflp wd pcfKfritwn ffujy 

Frozen, excised Yucatan mini-pig skin was stored at -70*0 until used. 
20 Skin samples were prepared using a no. 10 cork borer to punch disks from the frozen 

skin. Samples wen rinsed with a streptorayocin-penicillin solution and placed into 

freezer bags and stored at -70*C. 

Skin sections were mounted on Franz diffusion cells, stratum corneura 

side up. The bottom receptor solution was a 0.05% amoxicillin solution in R.O. water. 
25 A donor cell was clamped on to etch skin surface. The paclitaxel ointment was heated 

until melted (40 to 50*C) and drawn into a syringe. While still molten, 0.1 ml was 

extruded onto each skin surface. The donor cells were covered with a glass disk and the 

assembly left for 24 hours. 
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Ate 24 hours, the cells were dissembled, excess ointment removed 
and stored in a scintillation vial. The skin surface was quickly washed with 3 ml 
dichioromcthane (DCM) and dried. The wash DCM was stored in the same vial as the 
excess ointment The skin sections and the receptor solution were placed into separate 
scintillation vials. The skin was cryotomed at -30»C into 30 urn sections and collected 
in separate vials. The initial shavings and remaining skin were also collected in 
separate glass vials. The sectioned skin samples were dissolved by adding 0 5 ml of 
tissue solubilizer to each vial. The samples were left overnight to dissolve at room 
temperature. The following day, 3 ml of scintillation cocktail was added to the vials. 
For the DCM wash solutions. 100 ul was transferred to 1 ml of acetonitrile and then 3 
ml of scintillation cocktail was added. The radioactivity of all the solutions was 
measured using a beta counter. 

Skin samples were mounted on the Franz diffusion cells and separated 
into three groups. Each sample was treated accordingly (no treatment or ointment B 
with or without paclitaxel). After 24 hours, the samples were removed and processed 
using standard histological techniques. 

D. Results 

From the histological sections, the stratum corneum section of untreated 
skin was found to be between 50 to 120 urn thick while the viable epidermis was 
between 400 to 700 urn thick. For the ointment which contained 3% w/w isopropyl 
myristata (omtmem AX the concentration of paclitaxel in the skin was essentially 
constant at L fig/ml (12 x 10* M) in the stratum corneum and throughout the viable 
epidermis. For the ointment which contained 10% w/wisopropyl myristate (ointment 
B\ the paclitaxel concentration was constant in the stratum corneum and the viable 
epidermis, but higher in the stratum corneum (6 ug/mJ versus 2 ug/ml). There was no 
radioactivity in the receptor solution for each ointment investigation, indicating that 
paclitaxel did not pass completely through the skin section. 

No gross differences were noted when the ointment containing paclitaxel 

was applied. 



(C) 1999 Copyright Derwent Information Ltd. 



W 98/14427 



115 



PCT/CA97/miO 



EXAMPLE 18 

Development of Systemic Formulations op Paclitaxel 
for the treatement of psoriasis 

5 In severe cases of psoriasis, more aggressive treatments are deemed 

acceptable and therefore the toxicities associated with systemic treatment with 
paclitaxel may be acceptable. 

The systemic formulation for paclitaxel is comprised of amphiphilic 
diblock copyolymers which in aqueous solutions form micelles consisting of a 

10 hydrophobic core and a hydrophilic shell in water. Diblock copolymers of poly(DL- 
lacude)-block-methoxy polyethylene glycol (PDLLA-MePEG), polycaprolactoue-block 
methoxy polyethylene glycol (PCL-MePEG) and poiy(DL-lactide-co<aprolactone> 
block-methoxy polyethylene glycol (PDLLACL-MePEO) can be synthesized using a 
bulk melt polymerization procedure, or similar methods. Breifly, given amounts of 

15 monomers DL-lactide, caprolactone and methoxy polyethylene glycols win different 
molecular weights were heated (130*C) to melt under the bubbling of nitrogen and 
stirred. The catalyst stannous octoate (0-2V* w/w) was added to the molten monomers. 
The polymerization was carried out tor 4 hours. The molecular weights, critical micelle 
concentrations and the maximum paclitaxel loadings were measured with GPC, 

20 fluorescence, and solubilization testing, respectively (Figure 22). High paclitaxel 
carrying capacities were obtained. The ability of solubilizing paclitaxel depends on the 
compositions and concentrations of the copolymers (Figures 22 and 23). PDLLA- 
MePEG gave tlkt moat stable so lubilized paclitaxel (Fi gures 23 and 24). 

The strong association within the internal core of the polymeric micelles 

25 presents a Ugh capacity environment for carrying hydrophobic drugs such as paclitaxel. 
The drags can be covaJentry coupled to block copolymers to form amicellar structure or 
can be physically incorporated within the hydrophobic cores of the micelles. The 
mechanisms of drug release from the micelles include diffusion from the core and the 
exchange between the single polymer chains and the micelles. The small size of the 
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micelles (nofrrnally less than 100 nm) will eliminate the difficulties associated with 
injecting larger particles. 

EXAMPLE 19 
Procedure for Producing Thermopaste 

Five grams of polycaproiactone mol. wt 10,000 to 20,000; 
(Polysciences, Warrington Penn. USA) a 20 ml glass scintillation vial which was placed 
into a 600 mi beaker containing 50 mi of water weighed The beaker wis gently heated 
to 65°C and held at that temperature for 20 minutes until the polymer melted. A known 
weight of paclitaxel, or other angiogenesu inhibitor was thoroughly mixed into the 
melted polymer at 65°C. The melted polymer was poured into a prewarmed (60°C 
oven) mould and allowed to cool until the polymer solidified. The polymer was cut into 
small pieces (approximately 2 mm by 2 mm in sat) and was placed into a 1 ml glass 
syringe. 

The glass syringe was then placed upright (capped tip downwards) into t 
500 ml glass beaker containing distilled water at 65°C (corning hot plate) until the 
polymer melted completely. The plunger was then Inserted into the syringe to compress 
the melted polymer into a sticky mass at the tip end of the barrel. The syringe was 
capped and allowed to cool to room temperature. 

For application, the syringe was reheated to 60'C and administered as a 
liquid which solidified when cooled to body temperature. 

EXAMPLE 20 

Modification or Pacutaxel Release From Thermopaste Using PDLLA-PEG- 
PDLLA and Low Molecular Weight Poly(DX, Lactic aod) 

A. Preparation of TOLL A»PEQ«PDLLA and low molecular weight PDLLA 

DL-lactide was purchased from AJdrich. Polyethylene glycol (PEG) with 
molecular weight 8,000, stannous octoete, and DL-lactie acid were obtained from 
Sigma. PolyH-caprolactone (PCL) with molecular weight 20,000 was obtained from 



(C) 1999 Copyright Derwent InfonmUon Ltd. 



WO 9*04427 



117 



PCT/CA97/D0910 



Binninghim Polymers (Birmingham, AL). Paclitaxel was purchased from Hauser 
Chemicals (Boulder* CO). Polystyrene standards with narrow molecular weight 
distributions were purchased from Polysciences (Warrington, PA). Acetonitrile and 
methylene chloride were HPLC grade (Fisher Scientific). 

The triblock copolymer of PDLLA-PEG-PDLLA was synthesized by a 
ring opening polymerization. Monomers of DL-lactide and PEG in different ratios were 
mixed and 0.5 wt% stannous octoate was added. The polymerization was carried out at 
150°C for 3.5 hours. Low molecular weight PDLLA was synthesized through 
Decondensation of DL-lactic acid. The reaction was performed in a glass flask under 
the conditions of gentle nitrogen purge, mechanical stirring, and heating at 180*C for 
1.5 hours. The PDLLA molecular weight was about 800 measured by titrating the 
carboxylic acid end groups. 

B. Manufacture of paste formulation. 

Paclitaxel at loadings of 20% or 30% was thoroughly mixed into either 
the PDLLA-PEG-PDLLA copolymers or blends of PDLLA:PCL 90:10, 80:20 and 
70:30 melted at about 60*C. The pacutaxel-loaded pastes were weighed into 1 ml 
syringes and stored at 4*C. 

C. Characterization of PDLLA-PEG-PDLLA and the paste blend* 

The molecular weights and distributions of the PDLLA-PEG-PDLLA 
copolymers were determined at ambient temperature by GPC using a Shimadzu LC- 
10AD HPLC pump and a Shimadzu RID-6A refractive index detector (Kyoto, Japan) 
coupled to a 10 4 A Hewlett Packard PI gel column. The mobile phase was chloroform 
with a flow rate of 1 oil/minute. The injection volume of the sample was 20 ul at a 
polymer ccmceritranoo of 0.2% (w/v). The molecular weights of the polymers were 
determined relative to polystyrene standards. The intrinsic viscosity of PDLLA-PEG- 
PDLLA in CHCli at 23*C was measured with a Cannon-Fenske viscometer. 

Thermal analysis of the copolymers was carried out by differential 
scanning calorimetry (DSC) using a TA Instruments 2000 controller and DuPont 910S 
DSC (Newcastle, Delaware). The hearing rate was i0*Omin and the copolymer and 
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paeUtaxcl/copolymer matrix samples were weighed (3 - 5 mg) into crimped open 
aluminum sample pans. 

'H nuclear magnetic resonance (NMR) was used to determine the 
chemical composition of the polymer, 'h NMR spectra of paclitaxel-loaded PDLLA- 
5 PEG-PDLLA were obtained in CDC1, using an NMR instrument (Broker, AC-200E) at 
200 MHz. The concentration of the polymer was 1 - 2%. 

The morphology of the paclitaxel/PDLLA-PEG-PDLXA paste was 
investigated using scanning electron microscopy (SEM) (Hitachi F-2300). The sample 
was coated with 60% Au and 40% Pd (thickness 10 - 15 nm) using a Hummer 
1 0 instrument (technics, USA). 

O. /iWrrgreinKvfPMlittXgl 

A small pellet of 20% paclitaxel-loaded PDLLA:PCL paste (about 2 mg) 
or a cylinder (made by extruding molten paste through a syringe) of 20% paclitaxd- 
loaded PDLLA-PEG-PDLLA paste were placed into capped 14 ml glass tubes 

1 5 containing 10 ml phosphate buffered saline (pH 7.4) with 0.4 g/L albumin The tube 
was incubated at 37*C with gentle rotational mixing. The supernatant was withdrawn 
periodically for paclitaxel analysis and replaced with fresh PBS/albumin buffer. The 
supernatant (10 ml) was extracted with 1 ml methylene chloride. The water phase was 
decanted and the methylene chloride phase was dried under a stream of nitrogen at 

20 60*C. The dried residue was reconstituted in a 40:60 water acctonitrile mixture and 
centriruged at lO.OOOg for about 1 min. The amount of paclitaxel in the supernatant 
was than analyzed by HPLC. HPLC analysis was performed using a 1 1 OA pump and C- 
8 uhraaphcre column (Beckman), and a SPD-6A UV detector set at 232 nm, a SIL-9A 
autoinjcctot and a C-R3A integrator (Shimadzu). The injection volume was 20 ui and 

25 the flow rati was I ml/minute. The mobile phase was 58% acetonemic, 5% methanol, 
and 37% distilled water. 

E. Results and Discussion 

The molecular weight and molecular weight distribution of PDLLA- 
PEG-PDLLA, relative to polystyrene standards, were measured by GPC (Figure 30). 
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The intrinsic viscosity of the copolymer in CHC1, at 25°C was determined using a 
Canon-Fenske viscometer. The molecular weight and intrinsic viscosity decreased with 
increasing PEO content The polydispenities of PDLLA-PEG-PDLLA with PEG 
- contents of 10% - 40% were from 2.4 to 3.5. However, the copolymer with 70% PEG 
5 had a narrow molecular weight distribution with a polydispersity of 1 .21 . This might be 
due to a high PEG content reducing the chance of side reactions such as 
transesterficarion which results in a wide distribution of polymer molecular weights. 
Alternatively, a coiled structure of the hydro^bic^ydropbilic block copolymers may 
result in an artificial low polydispersity value. 

10 DSC scans of pure PEG and PDLLA-PEG-PDLLA copolymers are 

given in Figures 25 and 26. The PEG and PDLLA-PEG-PDLLA with PEG contents of 
70% and 40% showed endothermic peaks with decreasing enthalpy and temperature as 
the PEG content of the copolymer decreased. The endothermic peaks in the copolymers 
of 40% and 70% PEG were probably due to the melting of the PEG region, indicating 

15 the occurrence of phase separation. While pure PEG had a sharp melting peak, the 
copolymers of both 70% and 40% PEG showed broad peaks with a distinct shoulder in 
the case of 70% PEG. The broad melting peaks may have resulted from the interference 
of PDLLA with the crystallization of PEG. The shoulder in the ease of 70% PEG might 
represent the glass transition of the PDLLA region. No thermal changes occurred in the 

20 copolymers with PEG contents of 10%, 20% and 30% in a temperature range of 10 * 
250*0, indicating that no significant crystallization (therefore may be the phase 
separation) had occurred. 

DSC temognms ofPDLLA:PCL (70:30, 8020, 90:10) blends without 
ptcKtaxri of with 20% pacutaxei showed an endothermic peak at about 60*C, resulting 

25 from the aching of PCL Due to the amorphous nature of the PDLLA and its low 
molecular weight ($00), melting and glass transitions of PDLLA were not observed. 
No thermal changes due to the ttcrystailizatioo or melting of paclitaxel was observed. 

PDLLA-PEG-PDLLA copolymers of 20% and 30% PEG content were 
selected as optimum formulation materials for the paste for the following reasons: 

30 PDLLA-PEO-PDLLA of 10% PEO could not be melted at a temperature of about 60*C; 
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the copolymers of 40% and 70% PEG were readily melted at 60«C. and the 20% and 
30% PEG copolymer became a viscous liquid between 50°C to 60°C; and the swelling 
of 40% and 70% PEG copolymers in water was very high resulting in rapid dispersion 
of the pastes in water. 

5 The in vitro release profiles of paclitaxel from PDLLA-PEG-PDLLA 

cylinders are shown in Figure 27. The experiment measuring release from the 40% 
PEG cylinders was terminated since the cylinders had a very high degree of swelling 
(about 200% water uptake within one day) and disintegrated in a few days. The 
released fraction of paclitaxel from the 30% PEG cylinders gradually increased over 70 

1 0 days. The released fraction from the 20% PEG cylinders slowly increased up to 30 days 
and then abruptly increased, followed by another period of gradual increase. A 
significant difference existed in the extent to which each individual cyl ind er (20% PEG 
content) showed the abrupt change in paclitaxel release. Before the abrupt increase, the 
release fraction of pa c lita xe l was lower for copolymers of lower PEG content at the 

15 same cylinder diameter (1 mm). The 40% and 30% PEG cylinders showed much higher 
paclitaxel release rates than the 20% PEG cylinders. For example, the cylinder of 30% 
PEG released 17% paclitaxel in 30 days compared to a 2% release from the 20% PEG 
cylinder. The cylinders with smaller diameters resulted in mater release rates (e.g., in 
30 days the 30% PEG cylinders with 0.65 mm and 1 mm diameters released 26% and 

20 1 7% paclitaxel respectively (Figure 27)). 

The above observations may be explained by the release mechanisms of 
paclitaxel from the cylinders. Paclitaxel was dispersed in the polymer as crystals a 
observed by optical microscopy. The crystals began dissolving in the copolymer matrix 
at 170*C and completel y dissolved at 1 80*C as observed by hot stage microscopy DSC 

25 thermograms of 20% paclitaxel -loaded PDLLA-PEO-PDLLA (30% PEO) paste 
revealed a small rtcrystallization exomerm (16 J/g, 190*Q and a melting endothenn (6 
J/g, 212*Q for paclitaxel (Figure 25) indicating the iecrystaluzation of paclitaxel from 
the copolymer melt after IS0°C. In this type of drug/polymer matrix, paclitaxel could 
be released via diffusion and/or polymer erosion. 



(C) 1 999 Copyright Derwent toformatton Ltd. 



WO 9*24427 PCT/CAT7/OW10 

121 



[n the divisional controlled case, drug may be released by molecular 
diffusion in the polymer and/or through open channels formed by connected drug 
particles. Therefore at 20% loading, some particles of paclitaxel were isolated and 
paclitaxel may be released by dissolution in the copolymer followed by diffusion. Other 
5 particles of paclitaxel could form clusters connecting to the surface and be released 
through channel diffusion. In both cases, the cylinders with smaller dimension gave a 
faster drug release due to the shorter diffusion path (Figure 27). 

The dimension changes and water uptake of the cylinders were recorded 
during the release (Figure 28). The changes in length, diameter and wet weight of the 

10 30% PEG cylinders increased rapidly to a maximum within 2 days, r emaine d 
unchanged for about 15 days, then decreased gradually. The initial diameter of the 
cylinder did not affect the swelling behavior. For the cylinder of 20% PEG, the length 
decreased by 10% in one day and leveled off, while the diameter and water uptake 
gradually increased over time. Since more PEG in the copolymer took up more water to 

1 5 facilitate the diffusion of paclitaxel, a taster release was observed (Figure 27). 

The copolymer molecular weight degradation of PDLLA-PEG-PDLLA 
paste was monitored by GPC. For the 20% PEG cylinder, the elution volume at the 
peak position increased with tune indicating a reduced polymer molecular weight 
during the course of the release experiment (Figure 30). A btphasic molecular weight 

20 distribution was observed at day 69. Polymer molecular weight was also decreased for 
30% PEO cylinders (I mm and 0.65 mm). However no btphasic distribution was 
observed. 

NMR spectra revealed a PEO peak at 3.6 pom and PDLLA peaks at 1.65 
ppn and 5.1 ppra. The peak area of PEG relative to PDLLA in the copolymer 

25 j «g«iffe«nriy **** 6° day (Pigum 20), indicating tha dimlurinn of PEO *fter 

its dissociation from PDLLA. Toe dry mass loss of the cylinders was also recorded 
(Figure 29) and shows a degradation rate decreasing in the order 30% PEO-0.65mm > 
30% PEO-lmm > 20% PEO- 1 mm. 

The morphological changes of the dried cylinders before and during 
30 paclitaxel release were observed using SEM (Figure 31). Briefly, solid paclitaxel 
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crystals tad non-porous polymer matrices were seen before the release (Figures 31 A 
and 3 IB). After 69 days of release, no paclitaxel crystals were observed and the 
matrices contained many pores due to polymer degradation and water uptake (Figures 
31Cand3lD). 

5 The 30% PEG cylinders showed extensive swelling after only two days 

in water (Figure 28) and therefore the hindrance to diffusion of the detached water 
soluble PEG block and degraded PDLLA (/.«., DL-lactic acid oligomers) was reduced. 
Since the mass loss and degradation of the 30% PEG cylinders was continuous, the 
contribution of erosion release gradually increased resulting in a sustained release of 
10 paclitaxel without any abrupt change (Figure 27). For the 20% PEG cylinders, the 
swelling was low initially (Figure 28) resulting in a slow diffusion of the degradation 
products. Therefore the degradation products in the interior region were primarily 
retained while there were fewer degradation products in the outer region due to the short 
diffusion path. The degradation products accelerated the degradation rate since the 

15 carboxylic acid end groups of the oligomers catalyzed the hydrolync degradation. This 
resulted in a high molecular weight shell and a low molecular weight interior as 
indicated by the biphasic copolymer molecular weight distribution (Figure 30, day 69). 
Since the shell rupture was dependent on factors such as the strength, thickness and 
defects of the shell and interior degradation products, the onset and the extent of the loss 

20 of interior degradation products were very variable. Because the shell rupture was not 
consistent and the drug in the polymer was not microscopically homogenous, the time 
point for the release burst and the extent of the burst were different for the 4 samples 
tested (Figure 27% . 

The release of paclitaxel from PDLLA and PCX blends and pure PCL are 

25 shown in Figure 32. Briefly, the released fraction increased with PDLLA content in the 
blend For example, within 10 days, the released paclitaxel from 80:20, 70:30, and 
0:100 PDLLA:PCL were 17%, 11%, and 6%, respectively. After an initial burst in one 
day, approximately constant release was obtained from 80:20 PDLLA:PCL paste. No 
significant degree of swelling was observed during the release. For the PDLLAJ*CL 

30 blends, since PDLLA had a very low molecular weight of about 800, it was hydrolyxod 
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rapidly into water soluble products without a long delay in mass loss. PCX served as 
the "holding" material to keep the paste from rapidly disintegrating. Therefore the 
release rate increased with PDLLA content in the blend due to the enhanced 
degradation. The continuous erosion of the PDLLA controlled the release of paclitaxel 
5 and resulted in a constant release. The release of paclitaxel from pure PCL was 
probably diffusion controlled due to the slow degradation rate (in 1-2 years) of PCL. 

Difficulties were encountered in the release study for 20V. paclitaxel 
loaded 90:10 PDLLA:PCL paste due to the disintegration of the paste pellet within 24 
hours of incubation. Briefly, during the first 12 hours of incubation, samples were 

10 taken every hour in order to ensure sink conditions for paclitaxel release. The released 
paclitaxel from the 90: 1 0 paste was 25*3 5% within 1 0 hours. 

Paste of 90:10 PDLLA:PCL containing 30% paclitaxel released more 
paclitaxel than 90:10 PDLLAiPCL paste containing 20% paclitaxel. Thus, modulation 
of the release rate of paclitaxel, which was regulated by the properties of the polymer 

IS and chemotherapeutic agents as well as the site of administration, was important in the 
development of local therapy. 

EXAMPLE 21 * 
Preparation or Polymeric Compositions 
Containing Water Soluble Additives and Paclitaxel 

Mkrocsrticies of co-precipitates of pacutaxeVadditi ve were prepared and 
subsequently added to PCL to form pastes. Briefly, paclitaxel (100 mg) was dissolved 
in 0J ml of ethaaol (95%) and mixed with the additive (100 mg) previously dissolved 
or dispensd in 1.0 mi of distilled water. The mixture was triturated until a smooth pasts 
25 was formed. The pasts was spread on a Petri dish and air-dried overnight at 37*C. The 
dried mass was pulverized using s mortar and pestle and passed through s mesh #140 
(106 urn) sieve (Endecotts Test Sieves Ltd, London, England). The microperticlca 
(40%) were then incorporated into molten PCL (60%) at 65*C cotre sp o n dmg to s 20% 
loading of paclitaxel. The additives used in the study ww gelann (Type B, 100 bloom. 
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Fisher Sdentific), methylceUulose, (Brush Drug Houses), dextran, T500 (Pharmacia, 
Sweden), albumin (Fisher Scientific), and sodium chloride (Fisher Scientific). 
Microparticles of paditaxel and gelatin or albumin were prepared as described above 
.but were passed through a mesh * 60 (270 urn) sieve (Endeeotts Test Sieves Ltd, 
5 London, England) to evaluate the effect of microparticle size on the release of paditaxel 
from the paste. Pastes were also prepared to contain 10, 20 or 30% gelatin and 20% 
paditaxel in PCL to study the effect of the proportion of the additive on drug release. 
Unless otherwise specified, pastes containing 20% paditaxel dispersed in PCL were 
prepared to serve as controls for the release rate studies. 

io b. Pnig rrlr nw mriici 

Approximately a 2.5 mg pellet of pacutaxeMoeded paste was suspended 
in 50 ml of 10 mM PBS (pH 7.4) in screw-capped tubes. The tubes were tumbled end- 
over-end at 37*C and at given time intervals 49.5 ml of supernatant was removed, 
filtered through a 0.45 urn membrane filter and retained for paditaxel analysis. An 

1 5 equal volume of PBS was replaced in each tube to maitifin sink conditions throughout 
the study. For analysis, the filtrates were extracted with 3 x 1 ml dtchloromethane 
(DCM), the DCM extracts evaporated to dryness under a stream of nitrogen and 
redissoived in 1 ml acetomtrile. The analysis was by HPLC using a mobile phase of 
waternnethanoliacetonitrila (37:5:58:) at a flow rate of I mi/minute (Beckman Isocratic 

20 Pump), a CIS reverse phase column (Beckman), and UV detection (Shimadzu SPD A) 
at232nm. 

c SttdUaufidsi 

PadftaxeJ/addrtive/PCL pastes, prepared using peel itaxe I -additive 
aucroparticks of mesh sis tf 140 (and #60 for gelatin only), were extruded to form 
25 cylinders, pieces ware cut, weighed and the diameter and length of each piece were 
measured using a micrometer (Mitutoyo Digunatic). The pieces were suspended in 
distilled water (10 ml) at 37*C and at predetermined intervals the water was discarded 
and the diameter and the length of the cylindrical pieces were measured and the samples 
weighed. The morphology of the samples (before and after suspending in water) was 
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examined using scanning electron microscopy (SEM) (Hitachi F-2300). The samples 
were coated with 60% Au and 40% Pd (thickness 10 - 15 run) using a Hummer 
Instrument (Technics, USA). 

D. Chick embryo chorioallantoic membrane (CAM\ studies 

5 Fertilized, domestic chick embryos were incubated for 4 days prior to 

shell-less cuituring. The egg contents were incubated at 90% relative humidity and 3% 
CO, and on day 6 of incubation, 1 mg pieces of the paclitaxel-loaded paste (containing 
6% paclitaxel, 24% gelatin and 70% PCL) or control (30% gelatin in PCL) pastes were 
placed directly on the CAM surface. After a 2-day exposure the vasculature was 
10 examined using a stereomicroscope interfaced with a video camera; the video signals 
were then displayed on a computer and video printed. y 

E. Results and Discussion 

Micropamcles of co-precipitated paclitaxel and gelatin or albumin were 
hard and brittle and were readily incorporated into PCL, while the other additives 
15 produced soft particles which showed a tendency to break up during the preparation of 
the paste. 

Figure 33 shows the time courses of paclitaxel release from pastes 
containing 20% paclitaxel in PCL or 20% paclitaxel, 20% additive and 60% PCL. The 
release of paclitaxel from PCL with or without additives followed a bi-phasic release 
• 20 pattern; initially, there was a faster drug release rate followed by a slower drug release 
of the drug. The initial period of nutter release rate of paclitaxel from the pastes was 
thought to be due to dissolution of paclitaxel located on the surface or diffusion of 
parHttfttl from the superficial regions of the paste. The subsequent slower phase of the 
release protliee may be attributed to a decrease in the effective surrace area of the drug 
25 particles in contact with the buffer, a slow ingress of the buffer into the polymer matrix 
or an increase in the mean diffusion paths of the drug through the polymer matrix. 

Both phases of the release profiles of paclitaxel from PCL increased In 
the presence of the aydrophilic additives with gelatin, albumin and methylceUulose 
producing the greatest increase in drug release rates (Figure 33). There were further 
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increases in the release of paclitaxel from the polymer matrix when larger paclitaxel- 
additive particles (270 um) were used to prepare the paste compared with when the 
smaller paclitaxel-additive particles (106 urn) were used (Figure 34). Increases in the 
amount of the additive (e.g., gelatin) produced a corresponding increase in drug release 
5 (Figure 34). Figure 35A shows the swelling behavior of pastes containing 20% 
paclitaxel, 20% additive and 60% PCI. The rate of swelling followed the order gelatin 
> albumin > methylcellulose > dextran > sodium chloride. In addition, the rate of 
swelling increased when a higher proportion of the water-soluble polymer was added to 
the paste (Figure 35B). The pastes containing gelatin or albumin swelled rapidly within 

10 the first 8 -10 hours and subsequently the rate of swelling decreased when the change in 
the volume of the sample was greater than 40%. The paste prepared using the larger 
(270 um) paciitaxei-gelatin panicles swelled at a faster rate than those prepared with the 
smaller (106 um) paciitaxei-gelatin particles. All pastes disintegrated when the volume 
increased greater than 50%. The SEM studies showed that the swelling of the pastes 

15 was accompanied by the cracking of the matrix (Figure 36). At high magnifications 
(Figures 36C and 36D) there was evidence of needle-or rod-shaped paclitaxel crystals 
on the surface of the paste and in close association with gelatin following swelling 
(Figures 36C and 36D). 

Osmotic or sweilable, hydrophilk agents embedded as discrete particles 

20 in the hydrophobic polymer resulted in drug release by a combination of matrix erosion, 
difluskm of drag through the polymer matrix, and/or diffusion and/or convective flow 
through pores created in the matrix by the dissolution of the water soluble additives. 
Osmotic agents and sweilable polymers dispersed in a hydrophobic polymer would 
imbibe water (acting as wkkmg agents), dissolve or swell and exert a turgor pressure 

25 which could rupture the septa (the polymer layer) between adjacent parades, creating 
mi c rochannds and thus facilitating the escape of the drug molecules into the 
surrounding media by diflusion or convective Mow. The swelling and cracking of the 
paste matrix (Figure 36) likely resulted in the formation of microchannels throughout 
the interior of the matrix. The different rates and extent of swelling of the polymers 
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(Figure 35) may account for the differences in the observed paclitaxel release rates 
(Figures 33 and 34). 

Figure 37 shows CAMs treated with control gelatin-PCL paste (Figure 
37A) and 20% paclitaxel*gelatin-PCL paste (Figure 376). The paste on the surface of 

S the CAMs are shown by the arrows in the figures. The CAM with the control paste 
shows a normal capillary network architecture. The CAMs treated with paclitaxel-PCL 
paste consistently showed vascular regression and zones which lacked a capillary 
network. Incorporation of additives in the paste markedly increased the diameter of the 
avascular zone (Figure 37). 

1 o This study showed that the in vitro release of paclitaxel from PCL could 

be increased by the incorporation of paclitaxeVhy drophilic polymer nucroparticles into 
PCL matrix. In vrvo studies evaluating the efficacy of the formulation in treating 
subcutaneous tumors in mice also showed that the pacUtaxel/geiatin/PCL paste 
significantly reduced the tumor mass. Factors such as the type of water soluble agent, 

IS the micropamcle size and the proportion of the additives were shown to influence the 
release characteristics of the drug. 

EXAMPLE 22 
Pxooduu for Producing Nanop astb 

20 Nanopaste is a suspension of microspheres m a hydrophilic geL Within 

one aspect of the mvenuon, the gd or paste can be smeared over tissue as a method of 
locating drug-loaded micrc*pheres close to the target tissue. Being water based, the 
paste soon becomes diluted with bodily fluids causing a decrease in the stickiness of the 
peas* and a tendency of the niicrospheres to be deposited on nearby tissue. A pool of 

25 oncosphere erjcaps^ located close to the target tissue. 

Reagents and ecpnpmcnt which were utilized within these experiments 
include glass beakers, Carbopot 925 (pharmaceutical grade, Goodyear Chemical Co.), 
distilled water, sodium hydroxide ( 1 M) in water solution, sodium hydroxide solution (5 
M) in water solution, microspheres in the 0.1 lm to 3 lm size range suspended in water 

30 at 20% w/v (see previous). 
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/. Preparation of 5% w/v Carbopol Gel 

A sufficient amount of carbopol was added to 1 M sodium hydroxide to 
achieve a 5% w/v solution. To dissolve the carbopol in the 1 M sodium hydroxide, the 
mixture was allowed to sic for approximately one hour. During this time period, the 
5 mixture was stirred and, after one hour, the pH was adjusted to 7.4 using 5 M sodium 
hydroxide until the carbopol was fully dissolved. Once a pH of 7.4 was achieved, the 
gel was covered and allowed to sit for 2 to 3 hours. 

2. Procedure for Producing Nanopaste 

A sufficient amount of 0.1 pun to 3 um microspheres was added to water 
10 to produce a 20% suspension of the microspheres. Carbopol gel (8 ml of the $% w/v) 
was placed into a glass beaker and 2 ml of the 20% microsphere suspension was added. 
The mixture was stirred to thoroughly disperse the microspheres throughout the gel 
This mixture was stored at 4*C. . 

EXAMPLE 23 

15 Complexation Of Pacutaxel with Cyclooextrins 

» • 

A. Mleridi 

Pacutaxel was obtained from Hauser Chemicals Inc. (Boulder, 
Colorado). Disodrum phosphate (Fisher), citric acid (Brush Drug Houses), 
hydi u xypropyl-ft<yciodextrin (HPfJCD), y<yc!odextrin (r-CD) and hydroxypropyHr- 
20 cydodextrin (HPyCD) were obtained from American Maize-Products Company 
(Hammond, Indiana) and were used as received. 

b. ^dflfaodi 

/. SOUIftlUTYSTUDfEg 

Excess amounts' of paclitaxel (5 mg) were added to aqueous solutions 
25 containing various concentrations of r-CD, HPy-CD, or HPP-CD and tumbled gently 
for about 24 hours at 37*C. After eo^bration, aliquots of the suspension were filtered 
through t 0.45 um membrane filter (MilUpore), suitably diluted and analyzed using 
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HPLC. The mobile phase was composed of a mixture of acetonitrile, methanol and 
water (58:5:37) at a flow rate of 1.0 ml/minute. The solubility of paclitaxel in a solvent 
composed of 50:50 water and ethanol (95%) containing various concentrations, up to 
.10%, of HPP-CD was also investigated. In addition, dissolution rate profiles of 
5 paclitaxel were investigated by adding 2 mg of paclitaxel (as received) to 0, 5, 10 or 
20% HPy-CD solutions or 2 mg of previously hydrated paclitaxel (by suspending in 
water for 7 days) to pure water and tumbling gently at 1VC. Aliquots were taken at 
various time intervals and assayed for paclitaxel. 

2. Stability Studies 

10 The solutions containing 20% HP0CD or HPyCD had pH values of 3.9 

and 5.2, respectively. The stability of paclitaxel in cyclodextrin solutions was 
investigated by assaying paclitaxel in solutions (20 ug ml) containing 10 or 20% HPy- 
CD or HPp-CD in either water or a 50:50 water-ethanol mixture at 37*C or 5S*C at 
various time intervals. In addition, stability of paclitaxel in solutions (1 ug/ml) 

15 containing 1%» 2% or 5% HPpCD at 55°C were determined. 

C. Results 

/. SOLUBILITY STUDIES 

The solubility of paclitaxel increased over the entire CD concentration 
range studied; HPf*-CD producing the greatest increase in the solubility of paclitaxel 

•20 (Figure 38). The shape of the solubility curves suggests that the stoichiometrics were of 
higher order than a 1:1 complex Paclitaxel formed Type A* curves with both HP^-CD 
and HPf-CD tad Type A* curves with y-CD. The solubility of paclitaxel in a 50% 
solution of HPf>-CD la water was 3.2 mg/ml at 37*C which was about a 2000-fold 
increase over the solubility of paclitaxel in water. The estimated stability constants 

25 (fiom Figure 39) for first order complexes of pacHtaxel<yclockxrrina were 3.1, 5.8 and 
7.2 M* 1 for y-CD. HPr-CD and HPfl-CD and those for second order complexes were 
0.785 x 10*. 1.886 x 10* and 7.965 x 10 1 Kt' for t-CD, HPr-CD and HPfr-CD. 
respectively. The values of the observed stability constants suggested that the inclusion 
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complexes formed by paclitaxel with cyclodexirins were predominantly second order 
complexes. 

The solubility of paclitaxel in 50:50 water.ethanol mixture increased 
with an increase in the cyclodextrin concentration (Figure 40) as observed for 
5 complexion in pure water. The apparent stability constant for the complexion of 
paclitaxel and HPfr-CD in the presence of 50% ethanol (26.57 M"*) was significantly 
lower (about 300 times) than the stability constant in the absence of ethanol. The lower 
stability constant may be attributed to a change in the dielectric constant or the polarity 
of the solvent in the presence of ethanol. 

1 0 The dissolution profiles of paclitaxel in 0, 5, 1 0 and 20% y-CD solutions 

(Figure 4 1 ) illustrates the formation of a metastable solution of paclitaxel in pure water 
or the cyclodextrin solutions; the amount of paclitaxel in solution gradually increased, 
reached a maximum and subsequently decreased. Dissolution studies using paclitaxel 
samples which were previously hydrated by suspending in water for 48 hours did not 

15 show the formation of the metastable solution. In addition, DSC analysis of the 
hydrated paclitaxel (dried in a vacuum oven at room temperature) showed two broad 
endothermic peaks between 60 and 110*C. These peaks were accompanied by about 
4.5% weight loss (determined by thermo gravimetric analysis) indicating the presence of 
hydrate(s). A loss in weight of about 2.1% would suggest the formation of a paclitaxel 

20 monohydrate. Therefore, the occurrence of the DSC peaks between 60*C and U0*C 
and the loss in weight of about 4.5% suggests the presence of a dflrydrate. There was 
no evidence of endothermic peekfs) between 60*C and 1 10*C (DSC results) or a weight 
lost (TQA results) for paclitaxel samples as received.. Therefore, (as received) 
pecirtaxd was anhydrous and on suspension in water it dissolved to form a 

25 supersaturated solution which recrystallizsd as a hydrate of lower solubility (Figure 41). 

2. Stability Studies 

Paclitaxel degradation depended on the concentration of the cyclodextrin 
and followed pseudo-first order degradation kinetics («.*, Figure 42). The rate of 
degradation of paclitaxel in solutions (1 ng/ml paclitaxel) containing 1% HP0-CD at 
30 55»C (aster (k - 3.3S x 10* h H ) than the rate at higher cydodextrin concentrations. 
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Degradation rate constants of 1.78 x 10' 3 h' 1 and 0.96 x \<X l h' 1 were observed for 
paditaxel in 10% HPp-CD and HPv-CD, respectively. Paditaxel solutions (1 ug/ml) 
containing 2, 4, 6 or %% HPp-CD did not show any significant difference in the rate of 
degradation from that obtained with the 10 or 20% HP(J-CD solutions (20 ug/ml). The 
5 presence of ethanol did not adversely affect the stability of paditaxel in the cyclodextrin 
solutions. 

D. Conclusion 

This study showed that the solubility of paclitaxd could be increased by 
complexation with cyclodextrins. These aqueous-based cyclodextrin formulations may 
1 0 be utilized in the treatment of various inflammatory diseases. 

EXAMPLE 24 
Polymeric Compositions Wrm Increased 
Concentrations op Paclttaxel 

15 PDLLA-MePEG and PDLLA-PEG-PDLLA are block copolymers with 

hydrophobic (PDLLA) and hydrophilic (PEO or MePEO) regions. At appropriate 
molecular weights and chemical composition, they may form tiny aggregates of 
hydrophobic PDLLA core and hydrophilic MePEO shell. Paclitaxd can be loaded into 
the hydrophobic core, thereby providing paclitaxd with an increased "solubility". 

20 A. Materials 

DJUactide was purchased from Aldrich, Stannous octoate, poly 
(ethylene glycol) (moL wt 8,000), MePEO (mot. wt 2,000 and 5,000) were from 
Sigma. MePEO (moL wt 750) was from Union Carbide. The copolymers were 
synthesized by a ring opening polymerizatioo procedure using stannous octoate u a 
25 cattlyst (Deng el al J. Pofym. ScL. Potym. Utt 2HA\ M16, 1990; Conn et ai, / 
Biomtd Mater. Res. 22: 993-1009, 1981). 

For sytfhesiang PDLLA-MePEO, a mixture of DL- 
lactide/MePEG/stannous octoate was added to a 10 milliliter glass ampoule. The 
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ampoule was connected to a vacuum and sealed with flame. Polymerization was 
accomplished by incubating the ampoule in a 150°C oil bath for 3 hours. For 
synthesizing PDLLA-PEG-PDLLA, a mixture of DX-lacnde/PEG/stannous octoate was 
transferred into a glass flask, sealed with a rubber stopper, and heated for 3 hours in a 
5 150°C oven. The starting compositions of the copolymers are given in Tables 1 and 2. 
In ail the cases, the amount of stannous octoate was 0.5% - 0.7%. 

3. Methods 

The polymers were dissolved in acetonitrile and centriruged at 10,000 g 
for 5 minutes to discard any non-dissolvable impurities. Paclitaxel acetonitrile solution 

1 0 was then added to each polymer solution to give a solution with paclitaxel (paclitaxel + 
polymer) of 10% wt The solvent acetonitrile was then removed to obtain a clear 
paclitaxel/PDLLA-MePEG matrix, under a stream of nitrogen and 60*C wanning. 
Distilled water, 0.9% NaCl saline, or 5% dextrose was added at four times weight of the 
matrix. The matrix was finally "dissolved" with the help of vortex mixing and periodic 

1 5 wanning at 60*C. Clear solutions were obtained in all the cases. The particle sizes 
were all below 50 run as determined by a submicron panicle sizer (NICOMP 
Model 270). The formulations are given in Table 1. 

Table 1. ForaeJatiooi of PadrtaxeVPDLLA-MePEG* 



20 



PDLLA-MePEG 


Disserving Media 


Paetitaxei Loading (final 
paclitaxel concentrate) 


20003*50 


water 


10% (20 mg/mi) 


200040*0 




I0%(20mg/ml) 


2000/5050 


0.9% saline 


5%(10mg/ml) 


2<xxvs<yso 


0.9% saline 


10% (20 mg/ml) 


2000/50/50 


5% dextrose 


10% (10 mg/mi) 


2000/50/50 


5% dextrose 


10% (20 mg/mi) 
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la the case of PDLLA-PEG-PDLLA (Table 2). since the copolymers 
cannot dissolve in water, paclitaxel and the polymer were co-dissolved in acetone. 
Water or a mixture of water/acetone was gradually added to this paclitaxel polymer 
solution to induce the formation of paclitaxel/polymer spheres. 

5 

Table 2. Composition of PDLLA-PEG-PDLLA 



CoDorrmtr Noma 


WtofPEG/rt 


Wt ofDL-InrtWUr.* 


PDLLA-PEG-PDLLA 
90/10 


1 




PDLLA-PEG-PDLLA 
80/20 


2 




PDLLA-PEG-PDLLA 

70/30 


3 




PDLLA-PEG-PDLLA 
60/40 


4 




PDLLA-PEG-PDLLA 
30V70 


14 





• PEG molecular weight 8,000. 



C Results 

10 Many of the PDLLA-McPEG compositions form clear solutions in 

water, 0.9% saline, or 5% dextrose, indicating the formation of tiny aggregates in the 
range of nanometers. Paclitaxel was loaded into PDLLA-MePEG micelles successfully. 
For example, at % loading (this represents 10 mg paclitaxel in 1 ml paditaxel/PDLLA- 
MePEG/aqueous system), a clear solution was obtained from 2000-50/50 and 2000- 

1S 40/60. The particle siza was about 60 nm. 

EXAMPLE 25 
Procedure fox Producing Film 

The term film refers to a polymer formed into one of many geometric 
20 shapes. The film may be a thin, elastic sheet of polymer or a 2 mm thick disc of 
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polymer, either of which may be applied to the tissue surface to prevent subsequent 
scarring and adhesion formation. This film was designed to be placed on exposed tissue 
so that any encapsulated drug can be released from the polymer over a long period of 
time at the tissue site. Films may be made by several processes, including for example, 
5 by casting, and by spraying. 

In the casting technique, the polymer was either melted and poured into a 
shape or dissolved in dichtoromethane and poured into a shape. The polymer then 
either solidified as it cooled or solidified as the solvent evaporated, respectively. In the 
spraying technique, the polymer was dissolved in solvent and sprayed onto glass, as the 
10 solvent evaporated the polymer solidified on the glass. Repeated spraying enabled a 
build up of polymer into a film that can be peeled from the glass. 

Reagents and equipment which were utilized within these experiments 
include a small beaker, Coming hot plate stirrer, casting moulds (t.g., 50 ml centrifuge 
tube caps) and mould holding apparatus, 20 ml glass scintillation vial with cap (Plastic 
IS insert type), TLC atomizer, nitrogen gas tank, poiycanrolactone f*PCL" - mol. wt 
10,000 to 20,000; Poly sciences), paditaxel (Sigma 95% purity), ethanol, "washed" (see 
previous) ethylene vinyl acetate ("EVA"), poly(DL)lactic acid (TLA" - mol. wt 15,000 
to 25,000; Polysciences), DCM (HPLC grade; Fisher Scientific). 

A Procedure for Proouonc Films - melt Castwo 
20 A small glass beaker with a known weight of PCL was placed into a 

larger beaker containing water (to act aa a water bath) and placed onto a hot plate at 
70*C until the polymer was ftilly matted. A known weight of drug was added to the 
melted polymer and the mixture stirred thoroughly. The melted polymer was poured 
into a mould and allowed to coot. 

25 2. Procedure roa Prooucino Films - Solvent Castoo 

A known weight of PCL was weighed directly into a 20 ml glass 
scintillatio n vial and sufficient DCM to achieve a 10% w/v solution was added. The 
solution was mixed followed by the addition of sufficient paditaxel to achieve the 
desired final paditaxel concentration. The solution was vottexed to dissolve the 
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paclitaxel, allowed to sit for one hour (to diminish the presence of air bubbles) and then 
poured slowly into a mould. The mould was placed in the fume hood overnight 
allowing the DCM to evaporate. 

3. Procedure for Producino Films - Sprayed 
5 A sufficient amount of polymer was weighed directly into a 20 ml glass 

scintillation vial and sufficient DCM added to achieve a 2% w/v solution. The solution 
was mixed to dissolve the polymer. Using an automatic pipette, a suitable volume 
(minimum 5 ml) of the 2% polymer solution was transferred to a separate 20 mi glass, 
scintillation vial Sufficient paclitaxel was added to the solution and dissolved by 
10 shaking the capped vial. To prepare for spraying, me cap of the vial was removed and 
the barrel of the TLC atomizer dipped into the polymer solution. 

The nitrogen tank was connected to the gaa inlet of the atomizer and the 
pressure gradually increased until atomization arid spraying began. The moulds were 
sprayed using 5 second oscillating sprays with a 15 second dry time between sprays. 
15 Spraying was continued until a suitable thickness of polymer was deposited on the 
mould. 

EXAMPLE 26 

Therapeutic agent-Loaded Polymeric Films Composed 
op Ethylene Vinyl Acetate and a Surpactant 

,20 

Two types of films were investigated within this example: pure EVA 
films loaded with paclitaxel and EV A/surfactant blend films loaded with paclitaxel 

The surfactants being examined are two hydrophobic surfactants (Span 
80 and Pfuromc L101) and one hydropbilic surfactant (Plutonic F127). The Plutonic 
25 niractants woe themselves polymers which wis an attractive property since they can 
be blended with EVA to optimize various drug delivery properties. Span 80 is a smaller 
molecule which disperses in the polymer matrix, and does not form a blend 

Surfrctants were useful in modulating the release rates f paclitaxel from 
films and opti mizing certain physical parameters f the films. Out aspect of the 
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surfactant blend film* which indicated chat drug release rates can be controlled was the 
ability to vary the rate and extent to which the compound swelled in water. Diffusion of 
water into a polymer-drug matrix was critical to the release of drug from the carrier. 
Figures 43C and 43D shows the degree of swelling of the films as the level of surfactant 
5 in the blend was altered. Pure EVA films did not swell to any significant extent in over 
2 months. However, by increasing the level of surfactant added to the EVA it was 
possible to increase the degree of swelling of the compound, and by increasing 
hydrophilicity swelling was increased. 

Results of experiments with these films are shown below in Figures 

1 0 43A-E. Briefly, Figure 43 A shows paciitaxd release (in mg) over time from pure EVA 
films. Figure 438 shows the percentage of drug remaining for the same films As can 
be seen from these two figures, as paclitaxel loading increased (/.«., percentage of 
paclitaxd by weight increased), drug release rates increased, showing the expected 
concentration dependence. As paclitaxel loading was increased, the percent pa clitaxd 

15 remaining in the film also increased, indicating that higher loading may be more 
attractive for long-term release formulations. 

Physical strength and elasticity of the films was assessed and is 
presented in Figure 43E. Briefly, Figure 43E shows stress/strain curves for pure EVA 
and EV A/surfactant blend films. This crude measurement of stress demonstrated that 

20 the elasticity of films was increased with the addition of Phxronic F127, and that the 
tensile strength (stress on breaking) was increased in a concentration dependent manner 
with the addition of Pturonic Fl 27. Elasticity and strength are important considerations 
in '*~*t»frig g film which must be manipulated for particular clinical applications 
'"Tttmit turfing rrnw"** 11 * / ^^ ww * t,ft<< ft f emnpomML 

25 The above data demonstrates (he ability of certain surfactant additives to 

control drug release rates and to alter the physical characteristics of the vehicle. 
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EXAMPLE 27 
Procedure for Producing Nanospray 

Nanospray is a suspension of small microspheres in saline. If the 
S microspheres are very small {Li., under 1 jim in diameter) they form a colloid so that 
the suspension will not sediment under gravity. As is described in more detail below, a 
suspension of 0.1 urn to 1 um micro particles may be created suitable for aerosolized 
deposition onto tissue directly at the time of surgery (e.g., for vascular adhesions), via 
laproscoptc intervention, or through a finger pumped aerosol (e.g., to be delivered 

1 0 topically). Equipment and materials which was utilized to produce nanospray include 
200 ml water jacketed beaker (Kimax or Pyrex), Haake circulating water bath, overhead 
stirrer and controller with 2 inch diameter (4 blade, propeller type stainless steel stirrer, 
Fisher brand), 500 ml glass beaker, hot plate/stirrer (Corning brand), 4 x 50 ml 
polypropylene centrifuge tubes (Nalgene), glass scintillation vials with plastic insert 

15 caps, table top centrifuge (Beckman), high speed centrifuge - floor model (JS 21 
Beckman), Mettler analytical balance (AJ 100, 0.1 rag), Mettler digital top loading 
balance (AE 163, 0.01 mg), automatic pipetxer (Gilson), sterile pipette tips, pump action 
aerosol (Pfeiffer pharmaceuticals) 20 ml laminar flow hood, PCL (mol. wc 10,000 to 
20,000; Polysciences, Warrington, Pennsylvania USA), "washed" (see previous) EVA, 

20 PLA (mol. wt 15,000 to 25,000; polysciences), polyvinyl alcohol ("PVA" - moL wt 
124,000 to 186,000; 99% hydrolyzed; Aldrich Chemical Co., Milwaukee, wl USA), 
DCM or "methylene chloride"; HPLC grade Fisher scientific), distilled water, sterile 

/. PREPARATION Of 5H (W/V) POLYMER SOLUTIONS 

25 Dep endi ng on the polymer solution being prepared, the following were 

weighed directly into a 20 ml glass scintillation vial; 1. 00 g of PCL or PLA or 0.50 g 
each of PLA and washed EVA. Using a treasuring cylinder, 20 ml of DCM was added 
and the vial tightly capped. The vial was allowed to sh at room temperature (25"Q 
until all the polymer had dissolved. 
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2. Preparation op 3.5V. (w/v) Stock Solution op PVa 

The solution wu prepared by following the procedure given below, or 
by diluting the S% (w/v) PVA stock solution prepared for production of microspheres 
(see Example 28). Briefly, 17.5 g of PVA wu weighed directly into a 600 ml glass 
5 beaker, and 500 ml of distilled water added. The beaker was covered and placed into a 
2000 mi glass beaker containing 300 ml of water. The PVA was stirred at 300 rpm at 
85°C until fully dissolved. 

3. Procedure por Producing Nanospray 

Briefly, 100 ml of the 3.5% PVA solution was placed in the 200 ml 

10 water jacketed beaker with a connected Haake water bath. The contents of the beaker 
were stirred at 3000 rpm and 10 ml of polymer solution (polymer solution used based 
on type of nanospray being produced) wu dipped into the stirring PVA over a period of 
2 minutes using a 5 ml automatic pipetter. After 3 minutes, the stir speed wu adjusted 
to 2500 rpm (+/• 200 rpm) for 2.5 hows. Ate 15 hours, the stirring blade wu 

15 removed from the oanospray preparation and rinsed with 10 ml of distilled water 
allowing the rinse solution to go into die nanospray preparation. 

The microsphere preparation wu poured into a 500 ml beaker. The 
jacketed water bath wu washed with 70 ml of distilled water allowing the 70 ml rinse 
solution to go into the microsphere preparation. The 180 mi microsphere preparation 

20 wu stirred with a glass rod and poured equally into four polypropylene 50 ml 
centriftjga tubes which were centrifuged at 10,000 g (+/• 1000 g) for 10 minutes. The 
PVA solution wu drawn off of each microsphere pellet and discarded. Distilled water 
(5 ml) wis added to each centrifuge rube and vortexed. The four microsphere 
suspensions were pooled into one centrifuge tube using 20 ml of distilled water and 

25 centrifuged for 10 minutes at 10,000 g (+/- 1000 g). The supernatant wu drawn off of 
the microsphere pellet and 40 ml of distilled water wu added and the microsphere 
preparation wu vortexed (this process wis repeated 3x). The microsphere preparation 
wu then transferred into a preweighed glass scim i ll a twn vial 

The vial wu allowed to sit for 1 hour at room temperature (23*Q to 

30 allow the 2 urn and 3 urn diameter microspheres to sediment out under gravity. After 1 
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hour, the top 9 ml of suspension was dawn off, placed into a sterile capped 50 ml 
centrifuge tube, and centriruged at 10,000 g (+/- 1000 g) for 10 minutes. The 
supernatant was discarded and the pellet wis resuspended in 20 ml of sterile saline by 
• ccntrifuging the suspension at 10,000 g (+/• 1000 g) for 10 minute*. The supernatant 
5 was discarded and the pellet was resuspended in sterile saline. The quantity of saline 
used was dependent on the final required suspension concentration (usually 10% w/v). 
The nanospray suspension was added to the aerosol. 

EXAMPLE 28 
Manufacture op Microspheres 

10 

The equipment used for the manufacture of microspheres ind wi f T 200 
mi water jacketed beaker (Kimax or Pyrex), Haake circulating water bath, overhead 
stirrer and controller with 2 inch diameter (4 blade, propeller type stainless steel stirrer - 
Fisher brand), 500 ml glass beaker, hot plate/stirrer (Coming brand), 4 X 50 ml 

15 polypropylene centrifuge tubes (Naigene), glass scintillation vials with plastic insert 
caps, table top centrifuge (OPR Beckman), high speed centrifuge- floor model (JS 21 
Bookman), Mettier analytical balance (AJ 100, 0.1 mg), Metder digital top loading 
balance (AE 163, 0.01 mgX automatic pipetter (Gilsoo). Reagents include PCL (raoL 
wt 10,000 to 20.000; Polysaences, Warrington Pennsylvania, USA), "washed" (see 

20 later method of "washing") EVA, PLA (moi. wt 15,000 to 25,000; Polysciences). 

- polyvinyl alcohol ("PVA- • moL wt 124,000 to 186,000; 99H hydrolyzed; Aldrich 
Chemical Co, Milwaukee Wt USA), DCM or "methylene chloride 1 *; HPLC grade 

A. P ieuaiaUou of flj faM Polymer Solutions 
25 DCL (1.00 g) or PLA, or 0 JO g each of PLA end washed EVA was 

weighed directly into a 20 ml glass scintillation vial Twenty milliliters of DCM was 
then added The vial was capped and stored at room temperature (25*C) for one hour 
(occasional shaking may be used), or until all the polymer was dissolved. The solution 
may be stored at room temperature for at least two weeks. 
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B. Preparation of S% fwM Stock Solution of PV^ 

Twenty-five grams of PVA wu weighed directly into a 600 ml glass 
beaker and 500 ml of distilled water was added, along with a 3 inch Teflon coated stir 
bv. The beaker was covered with glass to decrease evaporation losses, and placed into 
5 a 2000 ml glass beaker comaining 300 ml of water. The PVA was stirred at 300 rpm at 
85°C (Corning hot plate/stirrer) for 2 hours or until fully dissolved Dissolution of the 
PVA was determined by a visual check; the solution should be clear. The solution was 
then transferred to a glass screw top storage container and stored at 4°C for a maximum 
of two months. The solution, however must be warmed to room temperature before use • 
10 or dilution. 

C. Procedure for Producing Mimffifagg 

Based on the size of microspheres being made (see Table 1), 100 ml of 
the PVA solution (concentrations given in Table 1) was placed into the 200 ml water 
jacketed beaker. Haake circulating water bath was connected to this beaker and the 

IS contents were allowed to equilibrate at 27*C (+M*C) tor 10 minutes. Based on the size 
of microspheres being made (see Table I), the start speed of the overhead stirrer was set, 
and the blade of the overhead stirrer placed half way down in the PVA solution. The 
stirrer was then started, and 10 ml of polymer solution (polymer solution used based on 
type of microspheres being produced) was then dripped into the storing PVA over a 

20 period of 2 minutes using a 5 ml automatic pipetter. Alter 3 minutes the stir speed was 
adjusted (see Table 1), and the solution stirred for an additional 2.5 hours. The stirring 
blade wu then removed from the microsphere preparation, and rinsed with 10 ml of 
distilled water so that the rinse solution drained into the microsphere preparation, The 
mi cr osph er e preparation was then poured into a 500 ml beaker, and the jacketed water 

25 baft washed with 70 ml of distilled water, which was also allowed to drain into the 
microsphere preparation. The 180 ml microsphere preparation wu then stirred with a 
glass rod, and equal amounts were poured into four polypropylene 50 ml centrifuge 
tubes, The tubes were men capped, and centriruged for 10 minutes (force given in 
Table 1). Forty-five millikters of the PVA solution wu drawn orT f each microsphere 

30 pellet 
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TABLE 1 

PVA concentrations, stir I peeds, tad centrifugal fore* requirement! for each 
diameter range of microsphere*. 



5 



PRODUCTION 
STAGE 


MICROSPHERE DIAMETER RANGES 


30umto 100 urn 


10 junto 30 um 


0.1 urn to 3 jun 


PVA 

concentration 


2.5% (w/v) (/.*.,) 
dilute S% stock 
with distilled water 


5K(w/v)(/.e. t 
undiluted stock) 


3.5% (w/v) (/.«., 
dilute 5% stock 
with distilled water 


Starting Stir 
Speed 


500 rpm 
♦ / • 50 rpm 


500 rpm 
+ /- 50 rpm 


3000 rpm 
+ / - 200 rpm 


Adjusted Stir 
Speed 


500 rpm 
+ / - 50 rpm 


500 rpm 
♦ / • 50 rpm 


2500 rpm 
* / - 200 rpm 


Centrifuge Force 


lOOOg 
+ /-100g 
(Table top model) 


tOOOg 
+ /.100g 
(Table top model) 


lOOOOg 
+ /-1000g. 
(Highspeed 
model) 



Five milliliters of distilled water was then added to each centrifuge tube 
and vortexed to resuspend the nucrospheres. The four microsphere suspensions were 
then pooled into one centrifuge tube along with 20 ml of distilled water, and centrifuged 

10 for another 10 minutes (force given in Table 1). This process was repeated two 
additional times for a total of three washes. The microspheres were then centrifuged a 
final time, and resuspended in 10 ml of distilled water. After the final wash, the 
mi c rosphere preparation was transferred into a preweighed glass scintillation vial The 
vial was capped, and left overnight at room temperature (25*C) in order to allow the 

15 microspheres us tecUmcnt out under gravity. Since microspheres which fall in the size 
rap of 0.1 urn to 3 urn do not sediment out under gravity, they were left in the 10 ml 

D. Drying of 10 u jya 30 urn or 10 am to 100 urn Diameter Microspheres 

After the microspheres sat at room temperature overnight, the 
20 supernatant was drawn off of the sedimemed rmcrc^pheres. The mkroapheres were 



(C) 1999 Copyright DerwroX Information Ltd. 



W 98/24427 



142 



PCT/CATMWIO 



allowed to dry in the uncapped vial in a drawer for a period of one week or until they 
were fully dry (vial at constant weight). Faster drying may be accomplished by leaving 
the uncapped vial under a slow stream of nitrogen gas (flow appro* 10 mj/minute.) in 
the fume hood. When fully dry (vial at constant weight), the vial was weighed and 
5 capped The labeled, capped vial was stored at room temperature in a drawer. 
Microspheres were normally stored no longer than 3 months. 

E. Determining the Concentration of 0.1 am to 3 am Diameter Mier^^ 
Suspension 

This size range of microspheres did not sediment out, so they were left in 
1 0 suspension at 4°C for a maximum of four weeks. To determine the concentration of 
microspheres in the 10 ml suspension, a 200 ui sample of the suspension was pipetted 
into a 1.5 ml preweighed micro fuge tube. The tube was then centriruged at 10,000 g 
(Eppendorf table top micro ruge), the supernatant removed, and the tube allowed to dry 
at 50*C oversight The tube was then reweighed in order to determine the weight of 
1 5 dried microspheres within the tube. 

F. Manufacture of fac|j1|xc| I^tlffl MilTTrmhm 

In order to prepare paclitaxei containing microspheres, an appropriate 
amount of weighed p a c l i taxei (based upon the percentage of paclitaxei to be 
encapsulated) was placed directly into a 20 ml glass scintillation vial. Ten milliliters of 
20 an appropriate polymer solution was then added to the vial containing the paclitaxei, 
which was than voctaxed until the paclitaxei dissolved. 

Microspheres containing paclitaxei may then be produced essentially as 
described above in steps (C) through (E). 
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EXAMPLE 29 
Surfactant Coated Microspheres 

A. Material and Method 

Microspheres were manufactured from poly (DL) lactic acid (PLA), poly 
5 memylmethacrvlate (PMMA), polycaprolactone (PCL) and 50:50 Ethylene vinyl 
acetate (EVA):PLA essentially as described above. Size ranged from 10 to 100 um 
with a mean diameter 45 um. 

Human blood was obtained from healthy volunteers. Neutrophils (white 
blood cells) were separated from the blood using dextran sedimentation and Ficotl 
10 Hypaque centrirugarion techniques. Neutrophils were suspended at 5 million ceils per 
ml in HBSS. 

Neutrophil activation levels were determined by the generation of 
reactive oxygen species as determined by chcmUummescence. In particular, 
cbemi luminescence was determined by using an LKB luminometer with 1 uM luminol 
15 . enhancer. Plasma precoanng (or opsonization) of microspheres was performed by 
suspending 10 mg of microspheres in 0.5 ml of plasma and tumbling at 37°C for 30 
minutes. 

Microspheres were then washed in I ml of HBSS and the centrifuged 
microsphere pellet added to the neutrophil suspension at 37°C at time M>. Microsphere 
20 surfaces were modified using a surfactant called Plutonic F127 (BASF) by suspending 
10 mg of inicrc*pheres in 0.5 ml of 2% w/w solution of F127 in HBSS for 30 minutes 
at 37*C Microspheres were then washed twice in I mi of HBSS before adding to 
neutrophils or to plasma for further precoanng. 

B. Bute 

25 Figure 44 shows that the untreated microspheres give 

chemilununescence values less than 50 mV. These values represent low levels of 
neutrophil activation. By way of comparison, i n flamm a to ry microcrystals might give 
values close to 1000 raV, soluble chemical activators might give values close to 5000 
mV. However, when the microspheres are precoated with plasma, all 



(O 1 999 Copyright Derwent Information Ltd. 



W0 9S04427 



PCT/CA97mi« 



144 

chemUumincscenec values arc amplified to the 100 to 300 mV range (Figure 44). 
These levels of neutrophil response or activation can be considered mildly 
inflammatory. PMMA gave the biggest response and could be regarded as the most 
inflammatory. PLA and PCL both become three to four times more potent in activating 
5 neutrophils after plasma pretreatment (or opsonization) but there is little difference 
between the two polymers in this regard. EVA:PLA is not likely to be used in 
angiogenesis formulations since the microspheres are difficult to dry and resuspend in 
aqueous buffer. This effect of plasma is termed opsonization and results from the 
adsorption of antibodies or complement molecules onto the surface. These adsorbed 
10 species interact with receptors on white blood cells and cause an amplified cell 
activation. 

Figures 45-48 describe the effects of plasma precoating of PCL, PMMA, 
PLA and EVA:PLA respectively as well as showing the effect of Pluronic F127 
precoating prior to plasma precoating of microspheres. These figures all show the same 

1 5 effect: (1) plasma precoating amplifies the response; (2) Pluronic F127 precoating hat 
no effect on its own; (3) the amplified neutrophil response caused by plasma precoating 
can be strongly inhibited by pretreating the microsphere surface with 2% Pluronic F127. 

The nature of the adsorbed protein species from plasma was also studied 
by electrophoresis. Using this method, it was shown that pretreating the polymeric 

20 surface with Pluronic F127 inhibited the adsorption of antibodies to the polymeric 
surface. 

Figures 49-52 likewise show the effect of precoating PCL, PMMA, PLA 
or EVAjPLA mkrospocres (respectively) with either IgO (2 mg/raJ) or 2% Plutonic 
F127 than IgO (2 mg/ml). As can be seen from these figures, the amplified response 
25 caused by precoating microspheres with IgO can be inhibited by treatment with 
Plutonic F127. 

This result shows that by pretreating the polymeric surface of ail four 
types of microspheres with Plutonic F127, the "mflammatory" response of neutrophils 
to microspheres may be inhibited. 



(C) 1999 Copyright DerweM Information Ltd. 



W 9M4437 



145 



PCT/CA>7/O0f!0 



EXAMPLE 30 

Therapeutic Agent Encapsulation in Poly(e<aprolactone) Microspheres. 
Inhibition of Angiocenesis on the CAM Assay by Paojtaxel-Loaded 
Microspheres 

5 

This example evaluates the in vitro release rate profile of paclitaxel from 
biodegradable microspheres of poly(s-caprolactone) (PCL) and demonstrates the in vivo 
anti-angiogenic activity of paclitaxel released from these microspheres when placed on 
the CAM. 

10 Reagents which were utilised in these experiments include: PCL 

(molecular weight 35,000 • 45,000; purchased from Polysciences (Warrington, PA)); 
DCM from Fisher Scientific Co., Canada; polyvinyl alcohol (PVP) (molecular weight 
12,000 - 18,000, 99% hydrolysed) from Aldrich Chemical Co. (Milwaukee, Wis.), and 
paclitaxel from Sigma Chemical Co. (St Louis, MO). Unless otherwise stated all 

15 chemicals and reagents are used as supplied. Distilled water is used throughout 

a. taaasw of microspheres 

Microspheres were prepared essentially 'as described in Example 28 
utilizing the solvent evaporation method. Briefly, 5%wAv pacutaxel-loaded 
microspheres were prepared by dissolving 10 rag of paclitaxel and 190 mg of PCL in 2 

20 ml of DCM, adding to 100 ml of 1% PVP aqueous solution and stirring at 1000 rpm at 
25 9 C for 2 hours. The suspension of microspheres was centrifuged at 1000 x g for 10 
minutes (Beckman OPRX the supernatant removed and the microspheres washed three 
timet with water. The washed microspheres were air-dried overnight and stored at 
rom temperature. Control microspheres (paclitaxel absent) were prepared as described 

25 above. Microspheres containing 1% and 2% paclitaxel were also prepared. 
Microspheres were sized using an optical microscope with i stage micrometer. 

B. Pnenailfjflw afficiencv 

A known weight f drug-loaded microspheres (about 5 mg) was 
dissolved in 8 ml of acatonrtrile and 2 ml distilled water was added to precipitate the 



(C) 1999 Copyright Derwent Information Ltd. 



W 9*24427 



146 



PCT/CAJ7A0910 



polymer. The mixture was centrifuged at 1000 g for 10 minutes and the amount of 
paclitaxel encapsulated was calculated from the absorbance of the supernatant measured 
in a UV spectrophotometer (Hewlett-Packard 8452A Diode Array Spectrophotometer) 
at 232 run. 

5 c. Bag tpja a studies 

About 10 mg of pacutaxeMoaded microspheres were suspended in 20 ml 
of 10 mM PBS (pH 7.4) in screw-capped tubes. The tubes were tumbled end-over-end 
at 37°C and at given time intervals 19.5 ml of supernatant was removed (after allowing 
the microspheres to settle at the bottom), filtered through a 0.45 urn membrane Miter 

1 0 and retained for paclitaxel analysis. An equal volume of PBS was replaced in each tube 
to maintain sink conditions throughout the study. The filtrates were extracted with 3 x 
1 ml DCM, the OCM extracts evaporated to dryness under a stream of nitrogen, 
redissolved in 1 ml acetonitrile and analyzed by HPLC using a mobile phase of 
watermethanol:acetonftrilc (37:5:58) at a flow rate of 1 ml/minute (Beckman Isocratic 

1 5 Pump), s C8 reverse phase column (Beckman), and UV detection (Shimadzu SPD A) at 
232 nm. 

D. CAM studio 

Fertilized, domestic chick embryos were incubated for 4 days prior to 
shell-less cuituring. On day 6 of incubation, 1 mg aliquots of 5% paclitaxel-loaded or 
20 control (paclitaxcl-free) microspheres were placed directly on the CAM surface. After a 
2-day exposure the vasculature was examined using a stereo microscope interfaced with 
a video camera; the video signals were then displayed on a computer and video printed 

Microspheres were placed on sample holders, sputter-coaxed with gold 
25 and men placed in a Philips 501B SEM operating at 15 kV. 
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F. Results 

The size range for the microsphere samples was between 30 • 100 nm, 
although there was evidence in all paclitaxei- loaded or control microsphere batches of 
some microspheres falling outside this range. The efficiency of loading PCL 
5 microspheres with paclitaxei was always greater than 95% for all drug loadings studied. 
Scanning electron microscopy demonstrated that the microspheres were all spherical 
and many showed a rough or pitted surface morphology. There appeared to be no 
evidence of solid drug on the surface of the microspheres. 

The time courses of paclitaxei release from 1% 2% and 5% loaded PCL 

10 microspheres are shown in Figure 53 A. The release rate profiles were biphasic. There 
was an initial rapid release of paclitaxei or "burst phase" at all drug loadings. The burst 
phase occurred over 1-2 days at 1% and 2% paclitaxei loading and over 3-4 days for 5% 
loaded microspheres. The initial phase of rapid release was followed by a phase of 
significantly slower drug release. For microspheres containing IS or 2% paclitaxei 

15 there was no further drug release after 21 days. At 5% paclitaxei loading, the 
microspheres had released about 20% of the total drug content after 21 days. 

Figure 53B shows CAMs treated with control PCL microspheres, and 
Figure 53C shows treatment with 5% paclitaxei loaded microspheres. The CAM with 
the control microspheres showed a normal capillary network architecture. The CAM 

20 treated with pacliuxel-PCL microspheres showed marked vascular regression and zones 
which were devoid of a capillary network. 

G. pjfejigajflp 

Tlkt solvent evaporation method of manufacturing paclitsxel-loaded 
microspheres produced very high paclitaxei e ncapsula t ion efficiencies of between 95- 
25 100%. This was dot to the poor water solubility of paclitaxei and its hydrophobic 
nature footing partitioning in the organic solvent phase containing the polymer. 

The biphasic release profile for paclitaxei was typical of the release 
pattern for many drugs from biodegradable polymer matrices. Poly<s-c*proUctone) is 
as aliphatic polyester which cm be degraded by hydrolysis under physiological 
30 conditions and it is nontoxic and tissue compatible. The degradation of PCL is 
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significantly slower than that of the extensively investigated polymers and copolymers 
of lactic and glycolic acids and is th eref o re suitable for the design of long-term drug 
delivery systems. The initial rapid or burst phase of paclitaxel release was thought to be 
due to diffusion*! release of the drug from the superficial region of the microspheres 

5 (close to the microsphere surface). Release of paclitaxel in the second (slower) phase of 
the release profiles was not likely due to degradation or erosion of PCL because studies 
have shown that under in vitro conditions in water there was no significant weight loss 
or surface erosion of PCL over a 7.5-week period. The slower phase of paclitaxel 
release was probably due to dissolution of the drug within fluid-filled pores in the 

10 polymer matrix and diffusion through the pores. The greater release rate at higher 
paclitaxel loading was probably a result of a more extensive pore network within the 
polymer matrix. 

Paclitaxel microspheres with S% loading have been shown to release 
sufficient drug to produce extensive inhibition of angiogenesis when placed on the 
IS CAM. The inhibition of blood vessel growth resulted in an avascular zone as shown in 
Figure 53C. 

EXAMPLES! 
Manufacture or PLC A Microspheres 

20 Microspheres were manufactured from lactic acid-glycolic acid 

copolymers (PLQA). 

A. Mated 

Mkrospheres were manufiactured in the sia ranges 0.5 to 10 urn, 10- 
20 um and 30-100 um using standard methods (polymer was dissolved in 
25 dichJoromethaoe and emulsified in a polyvinyl alcohol solution with stirring as 
previously described in PCX or PDLLA rnicrospheres manufacture methods). Various 
ratios of PLLA to OA were used as the polymers with different molecular weights 
(given as Intrinsic Viscosity (l.V.)) 
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B. Result 

Microspheres were manufactured successfully from the following 
starting polymers: 



PLLA 


GA 


LV. 


50 


50 


0.74 


50 


50 


0.78 


50 


50 


1.06 


65 


35 


0.55 


75 


25 


0.55 


85 


15 


0.56 



10 



Paclitaxel at 10% or 20% loadings was successfully incorporated into ail 
these microspheres. Examples of size distributions for .one starting polymer (85:15, 
IV-0.56") are given in Figures 54-57. Paclitaxel release experiments were performed 
using microspheres of various sizes and various compositions. Release rates are shown 
in Figures 58-61. 

EXAMPLE 32 

Encapsulation op Paclitaxel in Nylon Microcapsules 



Therapeutic agents may also be encapsulated in a wide variety of carriers 
15 which may be formed into a selected form or device. For example, as described in more 
detail below, paclitaxel may be incorporated into nylon microcapsules which may be 
to artificial heart valves, vascular grafts, surgical meshes, or a 



was encapsulated into nylon microcapsules using the 
20 interndal polymerization techniques. Briefly, 100 mg of paclitaxel and 100 mg of 
Pluronie F-127 was dissolved in 1 ml of DCM and 0.4 ml (about 500 mg) of adipoyl 
chloride (ADC) was added. Tail solution was homogenized into 2% PVA solution 
using the Polytroa liocnogcnizer (1 setting) for 15 seconds. A solution of 1,6 
diamine (HMD) in 5 ml of distilled water was added dropwtse while 1 
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The mixture was homogenized for a further 10 seconds after the addition of HMD 
solution. The mixture was transferred to a beaker and stirred with a magnetic stirrer for 
3 hours. The mixture was centrifuged, collected and resuspended in 1 mi distilled 
water. 

5 B. Encapsulation efBciencv/paclitaxeUloading 

About 0.5 ml of the suspension was filtered and the microspheres were 
dried. About 2.5 mg of the microcapsules was weighed and suspended in 10 mi of 
acetonitrile for 24 hours. The supernatant analyzed for paclitaxel and the result was 
expressed as a percentage of paclitaxel. Preliminary studies have shown that paciitaxel 
10 could be encapsulated in nylon microcapsules at a high loading (up to 60%) and high 
encapsulation efficiency (greater than 80%). 

C. Paclitaxel ninvt studies 

About 2.5 mg of the paclitaxel-nylon microspheres were suspended in 50 
ml water containing 1 M each of sodium chloride and urea and analyzed periodically. 
15 Release of paclitaxel from the microcapsule was fast with more than 95% of the drug 
released after 72 noun (Figure 62). 

EXAMPLE 33 
BtOAOKEsrvi Microspheres 

20 Microspheres were made from 100k g/mol PLLA with a particle 

diameter range of 10-60 urn. The microspheres were incubnted in a sodium hydroxide 
soiuckn to produce carboxylic acid groups on the surfrce by hydrolysis of the polyester. 
The reaction wag characterized with respect to sodium hydroxide concentration and 
incubation time by measuring surface charge, The reaction reached completion after 45 

25 minutes of incubation in 0.1 M sodium hydroxide. Following base treatment, the 
microspheres warn coated with dirncthyiamiiwproylcarb^ (DEC), a cross- 
linking agent, by suspending the microspheres in an alcoholic solution of DEC and 
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allowing the mixture to dry into a dispersible powder. The weight ratio of microspheres 
to DEC was 9: 1 . After the microspheres were dried, they were dispersed with stirring 
into a 2% w/v solution of poly (acrylic acid) (PAA) and the DEC allowed to react with 
PAA to produce a water insoluble network of cross-linked PAA on the microspheres 
5 surface. Scanning electron microscopy wis used to confirm the presence of PAA on the 
surface of the microspheres. 

Differential scanning calorimetry of the microspheres before and after 
treatment with base revealed that no changes in bulk thermal properties (Tg, melting, 
and degree of crystallinity) were observed by SEM 

10 B. /i. vitro oaclttaxel release rates 

PaclitaxeMoaded microspheres (10% and 30% w/w loadings) with the 
same particle diameter size range were manufactured and in vitro release profiles for 10 . 
days release in PBS. Release was proportional to drug loading* with 400 jig of 
pacUtaxd released from 5 mg of 30% loaded microspheres in 10 days and 150 ug 

15 released from 10% loaded microspheres in the same period The efficiency of 
encapsulation was about 80%. The paditaxeMoaded microspheres were incubated in 
0.1 M sodium hydroxide for 45 minutes and the zeta potential measured before and 
after incubation in sodium hydroxide. The surface charge of pacUtaxel-loaded 
microspheres was lower than microspheres with no paditaxel both before and after 

20 treatment with base, 

C. Prfflr**™ «*t*«*o evaluation of PT.I.A fiojttd wjft after 

PLLA Bticrosnheres were prepared containing 1% sudan black (to color 
the microspheres). These spheres were suspended in a 2% (w/voluxne) solution of 
25 either pdHysme (Sigma chemicals - HydrobromeU form) or fiteonectm (Sigma) for 10 
minutes. The nucrospheres were washed m 

of freshly prepared bladders from rats. The bladder were left for 10 minutes then 
washed three times in buffer. Residual (bound) microspheres were present on the 



(C; ;<>99 Copyright Deiweat Information Ltd. 



w naurr pct/catt/owio 

152 



bladder will after the process therefore showing bioadhesion had occurred (Figures 63 A 
and 63B) for both fibronectuvand poly-l-lysine-coated microspheres. 

EXAMPLE 34 

Prevention of Arthritis Onset By Pacutaxel in the CIA Rat Model 

5 

A. Materials and Method* 

Syngeneic female Louvain rats weighing 120 to 1 50 grams were injected 
intradermals with 0.5 mg of native chick collagen II (Genzyme, Boston, MA) 
solubilized in 0.1 M acetic acid and emulsified in FIA (Difco, Detroit, MI). 

10 Approximately 9 days after immunization, animals developed a polyarthritis with 
histologic changes of pannus formation and bone/cartilage erosions. A total of 45 rata 
in 4 protocols were used: a control group (n-17) that received vehicle alone and 3 
paciitaxel treatment groups consisting of a prevention and 2 suppression protocols. In 
order to evaluate the effect of paci it ax el , paciitaxel (solubilized in 1:1 dilution of 

15 ethanol and Cremophor EX • (Sigma) and added to saline for a final concentration of 
4.8 mg/ml paciitaxel in 5% w/v ethanol and Cremophor EL.) was administered 
intraperitoneally (i.p.) beginning on day 2 after immunization (prevention protocol) or 
at arthritis onset on day 9 (suppression protocol). For the prevention protocol (n-8), 
paciitaxel was given at a concentration of 1 mg/kg body weight starting on day 2 with 5 

•20 subsequent doses on days 5, 7, 9, 12 and 14. For the high dose suppression protocol 
(o-l OX paciitaxel (1 mg/kg body weight) was given on alternate days starting on day 9. 
In thai low dost suppression protocol (n-10), paciitaxel was given at 1 mg/kg body 
weighs on days 9 t 11 and 13 and then at 75H of this does level (0.75 mg/kg body 
weight) ob alternate days through to day 21. The control and experimental animals 

25 were evaluated for disease severity both clinically and radtagrepmcally by individuals 

The severity of inflammation for each limb was evaluated dally and 
scored based on standardized levels of swelling and periarticular erythema (0 being 
normal and 4 severe). Animals were evaluated radiographkalry on day 28 of the 
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experiment The radiographs of both hind limbs were graded by the degree of soft 
tissue swelling, joint space narrowing, bone destruction, and periosteal new bone 
formation. A scale of <M was used to quantify each limb (0 - normal, 1 - soft tissue 
swelling, 2 - early erosions of bone, 3 - severe bone destruction and/or ankylosis). 
5 Histological assessment of the joints was completed at the conclusion of the 
experiment 

Delayed-type hypersensitivity (DTH) to CII was determined by a 
radiometric ear assay completed on day 28. Radiometric ear indices >1.4 represent a 
significant response to OT. The presence of anti-Cn IgG antibodies was determined by 
10 enzyme-linked immunosorbent assay (EUSA). Serum samples obtained on day 26 
were diluted to 1 2,560, and the results were expressed u the mean optical density at 
490 am, in quadruplicate aliquot*. Background levels in normal rat serum at this 
dilution are 0 and are readily distinguishable from collagen-immunized rat serum. 

B. Result* 

15 In this model, paditaxd treatment instituted prior to arthritis onset 

completely precluded development of the disease in all rats treated (even after the 
discontinuation of paclitsxel treatment) compared with the vehicle control group. 

In control animals there was a progressive increase in clinical symptoms 
of disease until deformity and toss of joint function occurred. Animals that received 

20 both low- and high-dote paditaxd after the onset of arthritis demonstrated significant 
clinical approvement On average, the clinical scores were equivalent to those seen it 
the initiati on of treatment, indicating an ability of paditaxd to prevent clinical 
progression of the disease. 

Animals receiving paclita xd were able to weight bear and ambulate and 

25 demonstrated few, if any toxic effects of the treatment Wound healing and hair 
regrowth at the vaccination sits was observed in treated anjpsJs Psciitax el -treated 
animals gained weight relative to controls. 

None of morals in the paclitaxd arthritis prevention protocol manifested 
any radiographic changes or clinicd arthritis. Both the high- and low-dose paclitaxd 

30 groups had significantly less radiographic disease compared with control group. 
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Further histol gical assessment revealed that control group nits demonstrated marked 
pannus, with bone and cartilage erosions, however, pacutaxel-treated rats had minimal 
if any pennus, with preservation of articular cartilage. 

Using an ELISA assay, IgO antibodies to type n collagen were 
significantly lower in paclitaxel. treated rats as compared to control group; rati in the 
prevention protocol had significantly lower IgG antibodies when compared to the rats in 
the high and low paclitaxel dose suppression protocols. 

C. Discussion 

Paclitaxel is a viable treatment for arthritis and potentially other types of 
autoimmune disease since it blocks the disease process when administered after 
immunization but prior to arthritis onset The results indicate that paclitaxel could 
completely abrogate arthritis onset if initiated 2 days after CH irnmuriizanon. With 
paclitaxel treatment in the suppression protocol, the severity of arthritis continued to 
decrease throughout the duration of paclitaxel admiiustration but began to rise whhin 4 
15 days after the cessation of treatment in both surmreasion protocols. However, early 

intervention with paclitaxel appeared to attenuate the need for continuous therapy. 

• « 

EXAMPLE 35 

Regression op Collagen-Induced arthritis wtth Paclitaxel 



io 



20 Paclitaxel demonstrated disease-modifying effects in the CIA model 

when admrni stared systemkally in a micellar formulation. In order to evaluate the 
potential oUsease«cnodir>ing effect of paclitaxel, micellar (Cremophor-fxee) paclitaxel 
was administered intraperitoneal^ O p ), every four days (q.o.d.) at 5 mg/kg (group 1) 
or 10 mg/kg (group 2) to imrmmiTrd animals at the onset of clinically detectable 

25 arthritis (day 9). Paclitaxel was administered throughout the evaluation period. As a 
comparison with standard therapy, a third group received methotrexate at 0 J mg/kg i.p. 
(human equivalent dose) on days 0, 5 and 10 post-arthritis onset A fourth group 
received methotrexate (0.3 mg/kg) and micellar paclitaxel (10 mg/kg) 
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therapy. The control (group 5) and experimental animals were evaluated for disease 
severity both clinically and radio-graphically by individuals blinded to treatment groups. 

The severity of inflammation for each limb was evaluated daily and 
scored based on standardized levels of swelling and periarticular erythema (0 being 
5 normal and 4 severe). Animals were evaluated radiographically on day 28 of the 
experiment The radiographs of both hind limbs were graded by the degree of soft 
tissue swelling, joint space narrowing, bone destruction and periosteal new bone 
formation; a scale of 0 to 3 was used to quantify each hind limb (0 - normal, 1 - soft 
tissue swelling, 2 - early erosions of bone, 3 * severe bone destruction a nd /or 

10 ankylosis) (Brahn et at, Arthritis Rhtum. 37: 839-845, 1994; Oliver et aL, Cell 
Immunol., 157: 291-299, 1994). Histological assessment of the joints was completed at 
the conclusion of the experiment 

In this model miceUar paclitaxel treatment instituted prior to arthritis 
onset completely precluded development of the disease even after the discontinuance of 

15 paclitaxel treatment In control animals, there was a progressive increase in clinical 
symptoms of disease (Figure 64) until deformity and loss of joint function occurred. 
Animals receiving methotrexate therapy were not statistically improved as compared to 
controls (Figure 64 & Table 1). Animals that received' low dose micellar paclitaxel (5 
mg/kg) after the onset of arthritis demonstrated some improvement, but animals that 

20 received doses of miceUar paclitaxel at 10 mg/kg demonstrated a highly significant 
(p-0.0002) clinical improvement (Figure 64), On average, the clinical scores were 
equivalent to those seen, at the initiation of treatment, indicating an ability of micellar 
paclitaxel to prevent clinical progression of the disease (Table 1). 
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Animals receiving mi cellar paclitaxel were able to bear weight and 
ambulate and did not snow any toxic effects of the treatment Wound healing and hair 

5 regrowth at the vaccination site was observed in treated animals. Micellar paclitaxel- 
treated animals gained weight relative to untreated controls. Animals receiving both 
micellar paclitaxel and methotrexate tolerated the therapy well and showed impressive 
clinical improvement (p * 0.0001), relative to controls (Figure 64). Using an enzyme 
linked immunosorbent antibody (EUSA) assay, IgO antibodies to type II collagen were 

10 lower in paclitaxel and combination (MTX/pacutaxel)-treated rats as compared to 
copttph* 

Radiographic studies also demonstrated a significant improvement with 
paclitaxel therapy. While control and methotztxatc-treated animals displayed 
radiographic evidence of soft tissue swelling, joint space narrowing, bone destruction 
15 and periosteal new bone formation, paditaxel-treated animals had almost normal joint 
features on x-ray (Figure 65). 

In fact, only a small percentage (17 to 18H) of animals receiving 
micellar paclitaxel alone (10 mg/kg) or in combination with methotrexate devel ped 
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cartilage erosions. Cartilage erosions, an important indicator of disease 
progression/outcome, occur four times more frequently in control animals {12%) or 
those receiving methotrexate alone than in animals receiving micellar paclitaxel therapy 
(Table 2). 
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Scanning electron micrographs illustrate the chondroprotecnve effects of 
paclitaxel therapy in vivo. The normal articular surface is characterized by a smooth 
intact cartilage matrix surrounded by a thin synovial lining (Figure 66A). la CIA, the 

10 cartilage surface is ended by MMP produced by p annus tissue and an inflamed 
synovium (Figure 663). The superficial cartilage matrix is digested, exposing 
choodroeytes or the empty lacunae they once occupied (Figure 66B inset). In animals 
with CIA that received paclitaxel treatment after the onset of clinical arthritis, the joint 
surface remained intact (Figure 66Q and the cartilage matrix appeared largely normal, 

15 even at high magnification (Figure 66C inset). P annus tissue formation and synovial 
hypertrophy was not seen in pacutaxel-treated groups. 

Histologically, CIA is characterized by marked synovial hypertrophy, 
inflammatory cell infiltration of the synovium and cartilage destruction (Figure 67 A). 
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In paclitaxel-treated animals, the synovium appeared normal with only 1-2 layers of 
synoviocytes and no inflammatory cell infiltrate (Figure 67B). 

Corrosion casts were also evaluated to determine if paclitaxei was 
capable of blocking angiogenesis in the synovium of animals with CIA. Mercox 
5 polymer was infused into the femoral artery of sacrificed animals at a pressure of 100 
ramHg, allowed to solidify in situ and the tissues subsequently digested to produce a 
cast of the lower limb vasculature. Scanning electron micrographs of casts of the 
synovial vasculature in animals with CIA revealed blind-ended capillary sprouts 
projecting inwards towards the joint space (Figure 68A). These vessels appeared 

10 morphologically similar to growing angiogenic vessels described in solid tumors and 
other angiogenic conditions (Figure 68A inset). In contrast, the synovial vessels of 
paclitaxel-treated animals were arranged in capillary loops (Figure 68B) with no 
evidence of neo vascular sprouts. 

There was involution of vessel proliferation and morphologic vascular 

15 structures in paclhaxel/MTX recipients similar to that found in naive controls. These 
studies suggest that micellar paclitaxei and combination paditaxel/methotrexate 
therapy, can regress neovascularization, inhibit inflammatory p ro cesses , involute 
established synovitis and prevent joint destruction. 

It has been demonstrated that systemic administration of paclitaxei is a . 

20 viable treatment for arthritis. The natural course of the disease is to flare and remit, 
with each successive flare resulting in additive damage which ultimately leads to joint 
destruction. The potential exists for short-term, higher dose, systemic therapy to be 
used to induce remission of the disease or sustained low dose therapy to maintain 
disease control. Alternative methods of delivering paclitaxei include direct intrs- 

25 articular injection of the drug into afflicted joints in patients with I or 2 joint 
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EXAMPLE 36 

Evaluation of P acljtaxel Formulations in animal Models op Psoriasis 

A. SldnAngiogetiefltMod^l 

A novel animal model is used to investigate skis-specific an gi ogcnesia. 
Immunodeficieni SCID mice are used as recipients for surface transplants of human 
keratinocyte lines transfected with vascular endothelial growth factor (VEGF) in sense 
or antisense orientation. Keratinocytes are transplanted via use of modified silicone 
transplantation chamber assay onto the skin of recipient mice. Keratinocytes are 
allowed to differentiate and to induce skin angiogenesia. Paclitaxei is then given either 
systemically or topically (cream, ointment, lotion, gel), and morphometric 
measurements of vessel numbers and sizes are performed in untreated and treated 
groups. 



B. Mouse model for cutaneous delaved-tvpe hypersensitivity gjajpja 

The mouse model for cutaneous delayed type hypersensitivity reactions 
IS was used to investigate the effects of paclitaxei on induced skin inflammation. Briefly, 
mice were sensitized to oxazolone by topical application of the compound onto the skin. 
Five days later, mice were challenged with oxazolone by topical application onto the ear 
skin (left ear oxazolone, right ear vehicle alone), resulting in a cutaneous 
inflammatory, "delayed-type hypersensitivity" reaction. The extent of inflammation 
. 20 was quantified by measurements of the resulting ear swelling over a period of At hours 
(see Figures 69 and 70). Epoa-embedded, Giesms-stained, 1 urn tissue sections were 
evaluated for the presence of inflammatory cells, for the presence of tissue mast cells 
and their stats of actrvition, and for the degree of epidermal hyperplasia. Paclitaxei was 
given either systemically or topically to quantxtate its effect on the cutaneous 
25 inflammatory reaction in this /n vrvo model 



C. 

These studies nave shown that topical admmistratsoo of 1% paclitaxei 
versus vehicle alone in the treatment of experimentalry*induced skin inflammation in 
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mice revealed that paciitaxei exerts inhibitory effects on skin inflammatioiL In 
experimentally-induced delayed-type hypersensitivity reactions, there was a significant 
decrease in ear swelling in the eats treated topically with 1% paciitaxei versus vehicle 
alone. Topical application of \% paciitaxei formulation significantly inhibited ear 
5 swelling and skin erythema (redness) induced by topical application of PMA (phorbol 
12-rayristol 13 -acetate) (see Figures 71 and 72). As illustrated in Figure 73. the 
paciitaxei treated ear (right ear) was normal in appearance when compared to controls 
(left ear). Similar results were obtained in a total of 5 mice. 

To uses* the skin irritation of \% paciitaxei versus vehicle alone, * 
1 0 application of these two formulations wexer applied daily at 20 ul to each side of the 
ears for 8 days. After 8 days, there was no detection of skin irritation after application 
of either vehicle alone or \% paciitaxei formulation onto normal or inflamed mouse ear 
skin. 

EXAMPLE 37 

15 Evaluation of Chronic Rejection in an Animal Model 

An accelerated form of amerosderosis develops in the majority of 
cardiac transplant recipients and limits long-term graft survival. The Lewis-F344 
heterotopic rax cardiac transplantation model of chronic rejection is a useful 

20 experimental model because it produces atherosclerotic lesions in stages, in medium 
and long-term surviving allografts. The advantages of the Lewis-F344 model are that 
(i) the incidence and severity of atherosclerotic lesions in long-surviving grafts is quite 
high; and (U) aa inflammatory stage of lesion development is easily recognized since 
this system does not require i wmmmMuppfMUMi. 

25 Aduk male Lewis rats serve as donors and F-344 rats as recipients. 

Twenty heterotopic abdominal cardiac allografts are trans p lan t ed by making a long 
midline abdominal incision in anesthetized recipients to expose the aorta and inferior 
vena cava. The two vessels are separated from each other and from the surrounding 
connective tissue and small elampa are placed on the vessels. Longitudinal incisions (2 

30 to 3 mm) are made in each vessel at the site of anastorooti*. 
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The abdomen of anesthetized donor rat is opened for injection of 
300 units of aqueous heparin into the inferior vena cava. The chest wall is opened to 
expose the heart. Venae cavae are iigated, followed by the transection of the ascending 
aorta and main pulmonary artery, with vessel origins 2 to 3 mm in length left attached 
5 to the heart Venae cavae distal to the ligatures are divided and the ligature placed 
around the mass of the left atrium and pulmonary veins. Vessels on the lung side of the 
ligatures are divided and the heart is removed. 

The donor bean is placed in the abdominal cavity of the recipient and the 
aortae are sutured together at the site of incision on the recipient vessel. Similarly, the 

1 0 pulmonary artery is connected to the incision site on the inferior vena cava in a similar 
manner. Vessel clamps are released (proximal vena cava, distal cava and aorta, and 
proximal aorta) to minimize bleeding from the needle holes. 

Following transplantation, paclitaxel (33%) in polycaprolactone (PCL) 
paste (n-10) or PCL paste alone (n-1 0) is injected through the epicardium over a length 

15 of the outer surface of a coronary artery in 10 rats, such that the artery area embedded in 
the myocardium remains untreated 

All recipients receive a single intramuscular injection of penicillin G 
(100,000 units) at the time of grafting. Allografts are 'followed by daily palpation and 
their function assessed on a scale of 1 to 4, with 4 representing a normal heartbeat and 0 

20 the absence of mechanical activity. Five rats from each group are sacrificed at 14 days 
and the final five at 28 days. The rats are observed for weight loss and other signs of 
systemic illness. After 14 or 21 days, the animals are anesthetized and the heart 
exposed in the minnar nf the inftiil experiment Coated and uncoated coronary arteries 
am isolated, fixed in 10H buffered formaldehyde and examined for histology. 

25 The initial experiment can be modified for the use of paditaxeVEVA 

film or coated stents in the coronary arteries following transplantation. The EVA film 
is applied to the extraluminal surface of the coronary artery in a similar manner as 
above, while the coated stent is placed mtraluminaUy. 

In addition, these investigations can be further extended to include other 

30 organ transplants as well as graft transplants (*.*, vein, skin). 
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EXAMPLE 38 
Effects of Pacutaxel in an Animal Model of MS 

The ability of paclitaxel micelles to inhibit the progression of MS 
5 symptoms and pathogenesis in a demyelinating transgenic mouse model (Mastronardi et 
aL, 1 NeuroscL Res. 36:315-324, 1993) wis examined. These transgenic mice contain 
70 copies of the transgene DM20, a myelin proteolipid. Clinically, the animals appear 
normal up to 3 months of age. After 3 months, evidence of neurological pathology, 
such as seizures, shaking, hind limb mobility, unsteadiness of gait, limp tail, wobbly 
10 gait and reduction in the degree of activity, appear and progressively increase in 
seventy until the animals die between 6 and S months of age. Clinical signs correlate 
histologically with oerayelinarion and increased fibrous astrocyte proliferation in the 
brain (Mastronardi et aL, J. NeuroscL Res. Jo":3 15-324, 1993). 

a. Matmaia and Methods 

15 Two aziimal studies were carried out using subcutaneous adzninistranon 

of either a low dose continuous therapy pactitaxel protocol (2.0 mg/kg; 3x per week, 
total of 10 injections) or a high dose "pulse" therapy paclitaxel protocol (20 mg/kg; four 
times, once weekly) initialed at the clinical onset of disease (approximately 4 months of 
age). For the low dost protocol, 5 animals received micellar paclitaxel, two mice were 

20 used as controls; one mouse was aa untreated normal and one was an untreated 
transgenic littennate. Only one transgenic mouse was used as a control because die 
count of the disease has been well established in the laboratory. Four month old 
animals were injected with micellar paclitaxel, after the initial signs of MS had reached 
a score of 1+ for the symptom categories described above. The course of treatment was 

25 for 24 days (2.0 mg/kg paclitaxel 3x per week, x 10 doses). The body weight and 
clinical signs were determined on each injection day. 

B. Results 

The 5 animals that received paclitaxel did not demonstrate a si gnifi ca nt 
weight loss. H wever, the untreated transgenic mouse showed a 30% decrease In body 
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weight from 29 g to 22 g (Figure 74), as is normally associated with progression of the 



10 



The clinical indicators of MS, such as shaking, hind limb mobility, 
seizures, head tremors, unsteadiness of gait, limp tail and degree of activity, were 
monitored daily. At the onset of treatment, animals had a score of 1+ in the major 
symptom categories. Untreated animals progressed from a 1+ to a 4+ scoring over the 
next 27 days in a number of symptoms; 3+ was characterized with poor balance, one of 
the major features of the disease. In the paclruxel treated group, all five animals 
remained at 1+ scoring over the same period in all of the symptoms monitored 
(Table 1). 
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For the high-dose protocol, mice were treated with 20 mg/kg of 
paclitaxel once weekly for 4 weeks to mimic interval pulse chemotherapy (given 

15 monthly for breast and ovarian cancer) as is used in oncology patients. The animals 
were monitored for 10 weeks, every two days and scores were detennined for each 
symptom, la 3 untreated animals, neurological symptoms progresse d rapidly and two 
of the animals died (on week 5 and week 9) during the course of the experiment; the 
third surviving animal had severe clinical symptoms. In the 5 transgenic animals 

20 receiving paclitaxel treatment initiated after symptoms onset, there was a reduction in 
MS scores relative to controls after the first week of momtormg and, thereafter, further 
neurological deterioration was not observed, In these aiumala. disease progression was 
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not observed and the animals remained clinically in remission both during therapy 
(weeks 0 to 3) and subsequent to cessadon of drug treatment (weeks 4 to 10) 
(Figure 75). 

C. Conclusion* 

Paciitaxel prevented the rapid progression of neurological symptoms 
observed in this animal model of MS with both low and high dosing. These data 
suggest that paciitaxel may be a potential therapeutic agent of demyeliiiaring disease. 

EXAMPLE 39 
Evaluation op Paciitaxel and Other Microtubule 
Stabilizing agents for the Treatment of Nasal Polyps 

Epithelial cell cultures and/or nasal polyp tissue cultures are used to 
evaluate the efficacy of formulations containing paciitaxel or other agents in the 
treatment of nasal polyps. This approach is based on the premise that epithelial cells 
release cytokines and contribute to chronic inflammation detected in nasal polyposis as 
well as in rhinitis and asthma and that a prolonged -release medication will prevent 
eonnophilia and inhibit cytokine gene expression. 

Paciitaxel formulations including solutions (the use of cyclodextrins) or 
suspensions containing paciitaxel encapsulated into mucoadhesrve polymers for use as 
nasal sprays, and/or micro-encapsulated paciitaxel in mucoadhesive polymers are used 
as in su ffl at ion s. These formulations are used in the studies detailed below. 



A. 

Tissue handling - Normal nasal mucosal (NM) specimens are obtained 
from pedants with no cluneal evidence of rhinitis and negative skin-prick test during 
25 nasal reconstructive surgery. Nasal polyp (NP) specimens ire obtained from patients 
with positive and negative skin-prick test undergoing nasal polypectomy. The nasal 
i are placed in Ham's F12 medium supplemented with 100 Ul/ml penicillin. 



(O 1999 Copyright Derwent Information Ltd. 



W 9804427 



165 



PCT/CATMXmo 



100 ug/ml streptomycin and 2 ug/mJ amphotericin B and immediately transported to 
the laboratory. 

Epithelial cell culture - Masai epithelial cells from NM and NP are 
isolated by protease digestion as follows. Tissue specimens are rinsed 2-3 times with 
5 Ham's F12 supplemented with 100 Ul/ml penicillin, 100 ug/ml streptomycin and 
2 fig/ml amphotericin B and then incubated in a 0.1% protease type XTV in Ham's F12 
at 4°C overnight After incubation, 1 0% FBS is added to neutralize protease activity and 
epithelial cells are detached by gentle agitation. Cell suspensions are filtered through a 
60 mesh cell dissociation sieve and centrifuged at 500g for 10 ""n*ttt at room- 

10 temperature. The cell pellet is then re suspended in hormonally defined Ham's F12 

culture medium (Ham's HD) containing the following reagents: 100 Ul/ml penicillin, \ 
100 ug/ml streptomycin, 2 ug/ml amphotericin 3, 150 ug/ml glutamine, 5 ug/ml 
transferin, 5 ug/ml insulin, 25ng/ml epidermal growth factor, 15 ug/ml endothelial cell 
growth supplement, 200 pM triiodothryonine and 100 nM hydrocortisone. Cell 

15 suspensions (10 9 cells/well) are then plated on collagen coated wells in 2 ml of Ham's 
HD and cultured in a 5% CO} humidified atmosphere at 37*C Culture medium is 
changed at day and subsequently every other day. Monolayer cell confluence is 
achieved after 6-10 days of culture. 

Human epithelial conditioned media (HECM) generation - When 

20 epithelial cell cultures reached confluence, Ham's HD is switched to RPMI 1640 
medium (Irvin, Scotland) supplemented with 100 Ul/ml penicillin, 100 ug/ml 
streptomycin, 2 ug/ml amphotericin B, 150 ug/ml glutamine and 25 mM Hepes buffer 
(RPMI 10%). HECM which is generated after 49 noun of incubation with RPMI 
(10H) is harvested ftom cultures, centrifuged at 400g for 10 minutes at room 

25 temperature (RT% sterilized by filtration through 0.22 urn filters and stored at -70*C 
until used. 

Eosinophil survival and effect of paditaxel - Eosinophils are isolated 
fom the peripheral Wood and to 

survival is determined in two different ways: time-cows* and done response analyses. 
30 In time-course experiments, eosinophils at a concentration of apnroximately 250,000/mi 
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are incubated in six well tissue cultures with or without (negative control) 50% HECM 
and survival index assessed at days 2.4, 6 and 8. Other experiments are conducted with 
1 to 50% HECM. In experiments where the effect of drugs («.$, paclitaxel) on HECM- 
induced eosinophil survival is tested, the drug (paclitaxel) from 0.1 nM to 10 uM is 
5 incubated with eosinophils at 37°C over 1 hour before the addition of HECM. In each 
experiment, negative control (culture media only) and positive control (culture media 
with HECM) wells are always assessed. To investigate whether the drugs have any 
toxic effect, the viability of eosinophils incubated with the drug (various concentrations) 
are compared with eosinophils cultured with RPMI 10% alone over 24 hour period. 

10 B. Effect of paclitaxel on cytokine gene expression »«A ^ m epithelial ceJh 

Epithelial cells obtained from nasal polyps and normal nasal mucosa are 
cultured to confluence, human epithelial cell conditioned media generated with or with 
paclitaxel (or other agents) and supernatants are measured by ELISA. Cytokine gene 
expression is investigated by reverse transcription- polymerase chain reaction (RT-PCR) 

15 as described by Mullol et al, CiWco/ and Exptrwuntai All€r& 23:607-615, 1995. 

The results show whether paclitaxel modulates cytokine gene expression 
as a means of inhibiting eosinophil survival. The main disadvantage of using primary 
cell cultures is that it takes 10 days for the cells to reach confluence, dissociating 
cellular functions from local melieu as well as systemic effects, which would have led 

20 to the disease in the first place. However, this is an excellent in vttro/tx vivo model to 
study the growth factors regulating the function and proliferation of structural cells 
(«.*, epithelial cells) and thereby elucidate some aspects of mucosal inflammation 

a itwHim ft ift«<> gfasj pjcjanial mriinaa tea htmtmn ™ >v ™ 

Mediation by paclitaxel and other agents - Polyps are obtained at the 
25 urns of resection and are washed 5 times with Tyrode's buffer and fragmented with fine 
scissors into replicates about 200 mg in wet weight The replicates are suspended in 
3 ml buffer containing various concentrations of paclitaxel at 37*C and challenged (5 
minutes later) with 02 ug/ml of antigen & After 15 minuses incubation with the 
antigen, the diflusates are removed and the tissues boiled in fresh buffer for 10 minutes 
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to extract the residual histamine. The histamine and SRS-A released are assayed using 
HPLC. 

EXAMPLE 40 

Perivascular administration op Agents that Disrupt Microtubule Function 

5 

Studies have been conducted to evaluate the efficacy of paclitaxel- 
camptothecin loaded surgical paste (PCI) and/or an EVA film as a perivascular 
treatment for restenosis. 

a. Majgali and Methods, 

10 WISTAR no weighing 250 to 300 g woe anesthetized by the 

intramuscular injection of Innovar (0.33 ml/kg). Once sedated they were then placed 
under Halothane anesthesia. After general anesthesia was established, fur over the neck 
region was shaved, the skin clamped and swabbed with betadine. A vertical incision 
was made over the left carotid artery and the external carotid artery exposed. Two 

15 ligatures were placed around the external carotid artery and a transverse arteriotomy 
was made. A number 2 French Fogarty balloon catheter was then introduced into the 
carotid artery and passed into the left common carotid artery and the balloon inflated 
with saline. The endothelium was denuded by passing the inflated balloon up and down 
the carotid artery three times. The catheter was then removed and the ligature tied off 
. 20 on the left external carotid artery. 

Rats were randomized into groups of 10 to receive no treatment, polymer 
alone (EVA film or PCX pasta), or polymer plus 20% paclitaxel. The polymer mixture 
(15 mg) was placed in a curunu%ential manner around the carotid artery. The wound 
was then closed. Five rats from each group were sacrificed at 14 and the final frve at 28 

25 days. In the interim, the rats wen observed for weight loss or other signs of system 
illness. After 14 or 28 days, the animals were anesthetized and the left carotid artery 
was isolated, fixed with 1 0% buttered formaldehyde and examined histologically. 

As a preliminary study, two rats were treated with I OH canptothecm- 
loaded EVA film for 14 days to assess camptothecuVs efficacy in this disease model 
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B. Results 

Results from these studies revealed that paclitaxel-loaded (20%) 
polymers completely prevented restenosis whereas the control animals and the animals 
receiving polymer alone developed between 28% and 55% luminal compromise at 14 
and 28 days post-balloon injury (Figures 76A and 76B). 

There was an absolute inhibition of ratimal hyperplasia where paclitaxel 
was in contact with the vessel wall. However, the effect was very local as evidenced by 
the uneven effect of paclitaxel where there was an inability to maintain the drug 
adjacent to the vessel wall (Figures 77A and 77B). 

Preliminary data has shown that camptothecin-loaded EVA film was 
efficacious in preventing a restenouc response in this animal model of disease. 
Camptothecin completely inhibited intimal hyperplasia in the two animals tested. 

EXAMPLE 41 
Effects of Pacutaxel in an animal Model 
15 of Surgical Adhesions 

The use of a paclhaxeMoaded EVA film to reduce adhesion formation is 
examined in the rabbit uterine horn modal 

New Zealand female white rabbits are anesthetized and a laparotomy is 
20 per fo rmed through a midline incision. The uterine boms are exposed and a 5 cm long 
segment of each is abraded using a scalpel blade. This abrasion is sufficient to remove 
the serosa, resulting in punctate bleeding. Rabbits are randomly assigned to the control 
or pat Ulaxcl treated groups and to post-operative evaluation periods of two, four and 
eight weeks. In the paclitaxel treated group, each uterine horn is completely wrapped 
25 with pscixtaxd-loaded EVA film following abrasion. The musculoperitoneal layer is 
closed with sutures and the cutaneous layer with skin staples. 

Animals are evaluated for adhesion formation two, four or eight weeks 
after surgery. The animals are euthanized humanely and necropsies performed. The 
uterine horns are examined grossly and histologically using standard microscopic 
30 techniques. Grossly, the adhesions are gzaded using a standard scoring system which is 
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based oo the fact that 5 cm of the uterine horn is traumatized; thus, the extent of 
adhesion formation is determined by measuring the length of the area containing 
adhesions. The following grading system is used: 0 - no adhesions, 1 - adhesion on 
25% of the area, 2 - adhesions on 50% of the area and 3 - total adhesion involvement. 
5 The severity of the adhesions is measured as follows: 0 - no resistance to separation, 
0.5 • some resistance (moderate force needed), and 1 - sharp dissection required. The 
total grade is additive, with an adhesion score range of 0 - 4 which represents both 
extent and severity. 

EXAMPLE 42 

10 Micella* Pacutaxh. in the Treatment of 

Inflammatory Bowel Disease (IBD) 

Inflammatory bowel disease (IBD), namely Crohn's disease and 
ulcerative colitis, is characterized by periods of relapse and remission. The best 

15 available model of IBD is produced in the ret by the intracolonic injection of 2,4,6- 
trinitrobenzene sulphonic acid (TNB) in a solution of ethanol and saline (Morris et aL, 
Gartro€nttrology t 96: 793-903, 1989). A single adcunistretion initiates an acute and 
chronic uflammarion that persists for several weeks. However, pharmacologically, the 
rabbit colon has bean shown to resemble the human colon more so than does the rat 

20 (G<utro€ra*roloty, 99: 13424-1332, 1990). 

Female Hew Zealand white rabbits are used in all experiments. The 
animals are ■irTf h - i — d intravenously (Lv.) with pentobarbital. An mints' feeding 
tube hi inserted rectsDy, so that the tip is 20 cm proximal to the anus, for injection of the 
TNB (0.6 ml; 40 tug in 25H ethanol in saline). One week following TNB 

25 admmhmxon, the rabbits are rincfemized into 3 treatment groups. At this time, the 
animals receive either no treatment, micelles alone (Lv.) or tniccUsx pactitsxel (lv.). 
This is repeated every 4 days for a total of 4 moments. 

During the course of the study, rabbits are examined weekly by 
endoscopy using a pediatric bronchoscope under general a n e sth es i a, induced as above. 

30 Damage is scored by an endoscopist (blinded) according to the following scale: 0, no 
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abnormality; 1. inflammation, but no ulceration; 2, uiflammation and ulceration at 1 site 
(< 1 cm); 3, two or more sites of inflammation and ulceration or one major site of 
inflammation and ulceration (> 1 cm) along the length of the colon, 

Following the last treatment, the rabbits are sacrificed with Euthanol at 
24 hours and 1, 2. 4 and 6 weeks. The entire colon is isolated, resected and opened 
along the anti-mesenteric border, washed with saline and placed in Hank's balanced salt 
solution containing antibiotics. The colon is examined with a stereomicroscope and 
scored according to the same criteria as at endoscopy. As well, specimens of colon are 
selected at autopsy, both from obviously inflamed and ulcerated regions and from ' 
normal colon throughout the entire length from anus to ascending colon, The tissues 
are fixed in 10% formaldehyde and processed for embedding in paraffin; 5 (m sections 
are cut and stained with hemotoxylin and eosin. The slides are examined for the 
presease or absence of IBD histopathology. 

The initial experiment can be modified for the use of oral paclitaxei 
15 following induction of colitis in rabbits by the intracolonic injection of TNB. The 
animals are randomized into 3 groups receiving no treatment, vehicle alone or orally 
formulated paclitaxei. 

EXAMPLE 43 

Effect of Pacutaxel in an animal Model of Systemic Lupus Erythematosus 

20 

PaciitaxeTs efficacy In systemic lupus erythematosus is determined by 
treating female NZB/NZW P, mice (B/W) with nncellar paclitaxei This strain of mice 
develops disease similar to human SLE. At one mourn of age, these mice have an 
els (i seed level of spleen B-cells spontaneously secreting immunoglobulin compa red to 
25 Qocmeimica. High levels of anti-saDNA antibody occurs at 2 months of age. At five 
months of age, immunoglobulin accumulates along glomerular capillary wails. Severe 
glomerulonephritis evolves and by 9 months of age, 50H of B/W mice are dead. 
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a. Mrtmalii and Mgtoda 

Female B/W mice are purchased from The Jackson Laboratory (Bar 
Harbor, ME, USA). Five-month-old female B/W mice are randomly assigned into 
treatment and control groups. Treatment groups receive either a low dose continuous 
5 micellar paclitaxei (2.0 mg/kg; 3 times per week, total of 10 injections) or a high dose 
"pulse" micellar paclitaxei (20 mg/kg; four times, once weekly). The control group 
receives control micelles. 

At predetermined time intervals, paclitaxei treated and untreated control 
B/W mice of comparable age are sacrificed, their spleens removed asepncally and 
10 single cell suspensions are prepared for lymphocyte counts. To identify spleen 
lymphocyte subpopulations, fluorescence analysis is conducted. The number of 
ceils/million spleen B -cells s p ontaneously secreting immunoglobulin (IgG, IgM, total 
immunoglobulin) or anti-ssDNA antibody is determined using ELISA. 

15 From the foregoing, it will be appreciated that, although specific 

embodiments of the invention have been described herein for purposes of illustration, 
various modifications may be made without deviating from the spirit and scope of the 
invention. Accordingly, the invention is not limited except as by the appended claims. 
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CLAIMS 

I claim: 

1. A method for treating or preventing multiple sclerosis, comprising 
administering to a patient a therapeutically effective amount of an ann-microtubule agent 
such that said multiple sclerosis is created or prevented. 

2. The method according to claim 1 wherein said anti-micro tubule agent 
is selected from the group consisting of epothilone A or B, discodermolide, deuterium oxide 
(D 2 0), hexylene glycol, tubercidin, LY290181, aluminum fluoride, ethylene glycol bis* 
(succmirnidylsuccinate), glycine ethyl ester, as well as analogues or derivatives thereof. 

3. The method according to claim 1 wherein said anu-rrjcrotubule agent 
is pacutaxel, or an analogue or derivative thereof. 

4. A method for treating or preventing psoriasis, comprising 
administering to a patient a therapeutically effective amount of an ann-microtubule agent, 
such that said psoriasis is treated or prevented. 

5. The method according to claim 4 wherein said ann-microtubule agent 
is selected from the group consisting of epothilone A or B, discodermolide, deuterium oxide 
(DjO), hexylene glycol, tubercidin, LY290181, aluminum fluoride, ethylene glycol bis- 
(succinmiidylsuccinalc), glycine ethyl ester, as well as analogues or derivatives thereof 

6. The method trying to claim 5 wherien said and-microtubule agent 
is adminittered topically. 

7. A method for treating or preventing arthritis, compr.n^ administering 
to a patient a therapeutically effective amount of an inti-microtubule agent, such that said 
arthritis is treated or prevented, with the proviso that said anri-miciotubule agent is not 
paclitaxei, or an analogue or derivative thereo£ 
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8. The method according to claim 7 wherein said anti-micro tubuie agent 
is selected from the group consisting of epothilone A or B, discodennolide, deuterium oxide 
(D 2 0), hexyiene glycol tubercidin, LY290181, aluminum fluoride, ethylene glycol bis- 
(sutxinimidyl succinate), glycine ethyl ester, as well as analogues or derivatives thereof. 

9. The method according to claim 7 wherein said anti-microtubule agent 
is administered systematically or intra*articularly. 

10. A method for treating stenosis, comprising administering to a patient a 
therapeutically effective amount of an anti-micro tubule agent, such that said stenosis is 
treated or prevented, with the proviso that said anti-microtubule agent is not paclftaxd, or an 
analogue or derivative thereof. 

11. The method according to claim 10 wherein said anti-microtubule agent 
is selected from the group consisting of epothilone A or B, discodennolide, deuterium oxide 
(D 2 0), hexyiene glycol, tubercidin, LY290181, aluminum fluoride, ethylene glycol bis- 
(succinimidylsuccinate), glycine ethyl ester, as well as analogues or derivatives thereof. 

12. The method according to claim 10 wherein said anti-microtubule agent 
is administered systemically, or perivascuUriy. 

13. The method according to claim 10 wherein said anti-microtubule agent 
is administered as a coating on a medical device. 

14. The method according to claim 13 wherein said medical device is a 
stent, stent graft, vascular graft, or indwelling catheter. 

15. The method according to claim 10 wherein said anri-microtubule agent 
is administered through an endoluminal device. 
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16. A method for treating graft rejection, comprising administering to a 
patient an anri-microtubule agent 

17. The method according to claim 16 wherein said anti-microtubule agent 
is selected from the group consisting of paciitaxel, epothiloce A or B, discodermolide, 
deuterium oxide (D 2 0), hexylene glycol tubercidin, LY290181, aluminum fluoride, ethylene 
glycol bis^succiniiudylsuccmate), glycine ethyl ester, as well as analogues or derivatives 
thereof. 

18. A method for treating or preventing surgical adhesions, comprising 
administering to a patient a therapeutically effective amount of an anri-rnicrotubule agent, 
such that said surgical adhesion is treated or prevented, with the proviso that said surgical 
adhesion is not paciitaxel, or an analogue or derivative thereof. 

19. The method according to claim 18 wherein said uin-nucrocubuJe agent 
is selected from the group consisting of epothikme A or B, discodermolide, deuterium oxide 
(D 2 0). hexylene glycol, tubercidin, LY290H1, aluminum fluoride, ethylene glycol bis- 
(succinimidy Isuccinate), glycine ethyl ester, as well as analogues or derivatives thereof! 

20. A method for treating inflammatory bowel disease, comprising 
administering to a patient a ther apeutic ally effective amount of in anri-rnicrotubule agent, 
such that said inflammatory bowel disease is treated or prevented. 

21. The method acording to claim 20 wherein said inti -microtubule agent 
is selected from the group consisting of paciitaxel, epothiloce A or B, discodermolide, 
deuterium oxide (DjOX hexylene glycol, tubercidin, LY290181, aluminum fluoride, ethylene 
glycol biHfUCcinimioVisuccmate), glycine ethyl ester, is well as analogues or derivatives 
thereof. 



(C) 1999 Copyright Derwent Information Lid. 



WO 9104437 



175 



PCT/CAJ7/W10 



22. A method for treating or preventing chronic inflanunatory lung disease, 
comprising administering to a patient a therapeutically effective amount of an anti- 
microtubuJe agent, such that said nasal polyps are treated or prevented. 

23. The method acording to claim 20 wherein said ann-micrctubule agent 
is selected from the group consisting of paditaxei, epothilone A or B, discodermoUde, 
deuterium oxide (D 2 0), hexylene glycol, tubercidin, LY290181, aluminum fluoride, ethylene 
glycol bisKsucciiumdylsuccinate), glycine ethyl ester, as well as analogues or derivatives 
thereof. 

24. The method according to claim 22 wherein said anti-microtubule agent 
is administered nasally. 

25. The method according to any one of claims 1, 4, 6, 8, 14, or 16, 
wherein said agent further comprises a polymer. 

26. The method according to claim 25 wherein said polymer is formed into 
microspheres having an average size of between 0.5 and 2 00 put 

27. The method according to claim 25 wherein said polymer is copolymer 
of lactic acid and glycolk acid. 

28. The method according to claim 25 wherein said polymer comprises 
poly (caprclactooe). 

29* The method according to claim 25 wherein said polymer comprises 
poly (Jactfc arid). 

30. The method according to claim 25 wherein said polymer is a 
copolymer of poly (lactic acid) and poly (caprolactone). 
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31. The method according to claim 25 wherein said polymer comprises 



ethylene vinyl 



32. The method according to claim 25 wherein said polymer comprises 
isopropyl myri stare. 

33. • The method according to claim 25 wherein said polymer comprises 

Transcutol 9 . 

34. The method according to claim 25 wherein said polymer is a diblock or 
triblock copolymer. 
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FIGURE 12E 
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